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ABSTRACT 
 
The aims of the present study were to examine the relationship between the perceived work 
ability and health-related quality of life (HRQoL) and to investigate their associations with 
age, physical activity and physical fitness in middle-aged Finnish men. 
   This investigation included two cross-sectional studies (III, IV) and a cohort study with a 15-
year follow-up (I, II). 
   The subjects in the cross-sectional studies (n = 196 and n = 104) were middle-aged men 
working in blue collar occupations. They participated in occupationally oriented medical 
rehabilitation courses. The methods included questionnaires on perceived work ability 
assessed by the work ability index (WAI), HRQoL assessed with the RAND-36 and on type 
and frequency of physical activity. Different test modes were compared in order to assess the 
association of fitness test results with the perceived work ability and HRQoL. In the first 
cross-sectional study (III) the physical fitness was assessed by a submaximal cycle-ergometer 
test and in the second (IV) by a maximal cycle-ergometer test, the UKK Walk Test and 
muscular performance tests (grip force, sit-ups, back endurance, squatting and dynamic lifting 
with both upper extremities). The follow-up study (n = 94, middle-aged police officers) 
included questionnaires in physical activity, the WAI, subjective predictors of physical activity 
according to PRECEDE-PROCEED±model and measurements of anthropometric 
characteristics, cardio-respiratory fitness (submaximal cycle-ergometer) and muscular 
performance (sit-ups, push-ups and pull-ups). 
   In the cross-sectional design with middle-aged men, the WAI correlated strongly with the 
items of RAND-36. Perceived energy and emotional well-being seemed to be the higher the 
older the subjects were. 
   Cardio-respiratory fitness assessed with the cycle-ergometer and physical activity had only 
weak correlations with the work ability and quality of life in our study populations. Instead, 
the cardio-respiratory fitness assessed by the UKK Walk Test had a significant correlation 
with the WAI and it also predicted the physical dimensions of the RAND-36. Among middle-
aged men (IV) muscular fitness of upper and lower limbs had a significant correlation with 
both the WAI and the physical dimensions of the RAND-36. Among police officers (I) the 
number of sit-ups in baseline had a significant correlation with the WAI at follow-up. 
   The follow-up study revealed that police officers became physically more active at their lei-
sure-time with advancing age. Despite this both aerobic and muscular fitness declined. This 
could be explained by aging and the mean weight gain of approximately 7.2 kg. The level of 
physical activity in baseline predicted the level of physical activity and fitness 15 years later. 
   The feeling of enjoyment had a significant correlation to leisure-time physical activity and 
fitness among the police officers. Fitness may also be a determinant of physical activity. 
   These studies demonstrate that perceived work ability and HRQoL are significantly and 
positively associated with each other, and that walking ability and muscular fitness may be 
contributing factors for both work ability and quality of life. 
National Library of Medicine Classification: QT 255, WA 30, WE 103, WG 141.5.F9,  
Medical Subject Headings: Cohort Studies; Cross-Sectional Studies; Emotions; Exercise Test; 
Finland; Health Behavior; Male; Middle Aged; Motor Activity; Physical Fitness; Police; Qual-
ity of Life; Questionnaires; Rehabilitation; Walking; Work Capacity Evaluation 
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 TIIVISTELMÄ 
 
Tämän tutkimuksen tarkoitus oli tutkia keski-ikäisten miesten koettua työkykyä ja elämänlaa-
tua sekä niiden yhteyttä ikään, fyysiseen aktiivisuuteen, kuntoon ja toimintakykyyn. Lisäksi 
tutkittiin vapaa-ajan fyysiseen aktiivisuuteen vaikuttavia tekijöitä. 
 
Fyysistä kuntoa ja aktiivisuutta ja niiden muutosta tutkittiin 94 poliisilta, jotka olivat vuonna 
1981 olleet poliisiopistolla alipäällystö- tai päällystökurssilla. Heidät tutkittiin uudestaan 
vuonna 1996 (I). Samoilta poliiseilta selvitettiin koettuun työkykyyn ja liikunta-aktiivisuuteen 
vaikuttavia tekijöitä (I-II). 
 
Koettua työkykyä ja siihen liittyviä tekijöitä (ikä, terveyteen liittyvä elämänlaatu, fyysinen 
aktiivisuus, fyysinen kunto) tutkittiin poikkileikkausasetelmalla (III, IV) ammatillisesti 
syvennettyyn varhaiskuntoutukseen hakeutuneilta keski-ikäisiltä miehiltä [n = 196 (III) ja n = 
104 (IV)]. 
 
Koetun työkyvyn ja terveyteen liittyvän elämänlaadun välillä näytti olevan selkeä tilastollinen 
yhteys. Sen sijaan vapaa-ajan fyysisellä aktiivisuudella oli vain heikko yhteys koettuun 
työkykyyn. Fyysisen kunnon mittareista kahden kilometrin kävelytestin ja yläraajojen 
dynaamisen toistotestin tuloksella oli selkein yhteys koettuun työkykyyn ja elämänlaatuun 
lievästi ylipainoisilla miehillä. Vatsalihastestin tulos vuonna 1981 ennusti myös koettua 
työkykyä 1996 poliiseilla. 
 
Poliiseilla toteutetun seurantatutkimuksen tulokset osoittivat, että keski-ikäisten alipäällystössä 
tai päällystössä toimivien poliisien fyysinen aktiivisuus lisääntyi 15 vuoden seuranta-aikana, 
mutta fyysinen suorituskyky huononi. Tämä selittyi mm.  painon lisääntymisellä. Paino nousi 
keskimäärin 7.2 kg, mikä selitti merkittävällä tavalla hengitys- ja verenkiertoelimistön kunnon 
heikkenemistä. Poliisien fyysinen aktiivisuus ja fyysinen kunto varhaisessa keski-iässä 
ennustivat fyysinen aktiivisuuden ja kunnon tasoa myöhäisessä keski-iässä. Liikuntaan 
liittyvällä ilolla oli merkittävä yhteys tutkittujen poliisien liikunnan harrastukseen ja fyysiseen 
kuntoon. 
 
Tutkimuksessa todettiin selkeä yhteys koetun työkyvyn ja elämänlaadun välillä. Koska 
poliiseilla varhaisessa keski-iässä omaksutut liikuntatottumukset näyttivät ennustavan vapaa-
ajan fyysistä aktiivisuutta myöhäisessä keski-iässä, työkykyä ylläpitävä toiminta kannattanee 
aloittaa jo nuorten työntekijöiden kohdalla. Lievästi ylipainoisilla keski-ikäisillä miehillä 
kahden kilometrin kävelytesti ja yläraajojen lihaskuntotesti vaikuttivat tämän tutkimuksen 
perusteella käyttökelpoiselta työssä tarvittavan fyysisen kunnon ja toimintakyvyn arvioinnissa, 
sillä niillä oli vahvin yhteys työkykyyn ja terveyteen liittyvään elämänlaatuun. Työkyvyn, 
terveyden ja elämänlaadun edistämisessä tulisi kiinnittää huomiota myönteisiin elämyksiin, 
joita liikunta voi tuottaa. 
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1. INTRODUCTION
   In Finland, the population aged 25 to 49 years decreased by 218 000 between the years 1995 
and 2006 and at the same time the number of those aged 50 to 64 years increased by 287 000. 
Thus, the mean age of the work force is increasing rapidly and, by 2010, the proportion of 
those aged 50 to 64 years will account for more than one-third (36%) of the potential work 
force (i.e., people aged 20 to 64 years) (Statistics Finland 2008). In general, aging is character-
ized with decreases in physical fitness and health, which in turn can reduce work ability
(Shvartz and Reibold 1990, Tuomi et al. 1997a, Aromaa and Koskinen 2002). Thus, compre-
hensive efforts to study and promote health and work ability in association with age are
needed.
   Perceived health, health-related quality of life (HRQoL), work ability, physical activity and 
fitness may be associated with age, present and future health status, physical functioning, as 
well as mortality (Kaplan et al. 1996, Tuomi et al. 1997b, Myers et al. 2002, Pedersen and 
Saltin 2006). Therefore, the assessment of a person¶s perceptions of these parameters, 
combined with objective findings on health, can be relevant to initiating preventive and 
supportive occupational health-care actions.
   Regular physical activity reduces the risk of several potentially life-threatening health
conditions (Kesäniemi et al. 2000). Cardio-respiratory fitness is known to be as strong 
predictor of mortality as physical activity both in the normal population and in the population 
with a cardiovascular disease (Blair et al. 1996, Myers et al. 2002). The data on associations 
between work ability, physical activity and physical fitness are relatively abundant but 
inconsistent. Pohjonen (2001a) showed a strong predictive value of different physical fitness 
tests for reduced work ability in a 5-year follow-up study among female home care workers. In 
a cross-sectional study, Kaleta et al. (2004) found a significant positive correlation between 
work ability and cardio-respiratory fitness in 198 occupationally active persons. On the other 
hand, the studies of Soininen (1995) and Smolander et al. (2000) showed no improvements in 
the work ability even if the physical activity, fitness or both increased. The associations 
between work ability and HRQoL are less frequently studied and only two reports can be 
found in literature (Tuomi et al. 2001, Chiu et al. 2003).
   Therefore, this literature review and summary of our four original research articles focus on 
the relationship between perceived work ability, HRQoL and their associations with physical 
activity and fitness among middle-aged working men. 
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2. REVIEW OF THE LITERATURE 
 
   Health, functional capacity and work ability are related with each other in physical, 
psychological and social aspects. Functional capacity is the key concept related a person¶s 
ability to cope independently with the activities of daily living. Functioning encompasses all 
body functions, activities and participation. If a health condition reduces one¶s physical, 
psychological or social functional capacity, it may also lead to reduced work ability in many 
cases (WHO 2001).  
 
2.1 Work ability  
 
   Work ability refers to one¶s ability to cope with the demands of work, and it is thus less 
broad definition than functional capacity. Traditionally, occupational health care has assessed 
work ability and disability from the sickness point of view. Sick leaves and permanent 
disability pensions have been granted based on sicknesses. From the 1980s there was a 
growing need to find a broader definition for work ability. For example, work ability as an 
outcome measure was needed to assess productivity loss in clinical trials, to evaluate the 
effectiveness of health services, to target injury and reinjury prevention programs and to 
evaluate the effectiveness of work reorganization projects such as ergonomic changes (Amick 
et al. 2000). In Finland, this led to the model of promoting health and work ability (developed 
by the Finnish Institute of Occupational Health). The model has been adopted for use in 
several developed and developing countries (Ilmarinen et al. 1995, Ilmarinen 1999, Ilmarinen 
and Tuomi 2004). 
   The Finnish model for the promotion of work ability reflects the interaction between 
individual resources and work-related factors. Health, physical, psychological and social 
functional capacity and occupational competence are the main individual factors. The work 
itself, the work environment and the work community influence how well an individual 
worker can use his or her resources. As the research on work ability has accumulated, the 
Finnish model of work ability has become more comprehensive. Occupational health care, 
occupational safety, family, close community and society have also been included in the 
model (Ilmarinen 2006). 
 
Assessment of work ability: There is no absolute measure of work ability. Different 
occupations and tasks require different properties. Psychosocial properties (Fenger and 
15
Kramer 2007) and problem solving ability (Terzioglu 2006) have been evaluated with different 
scales. Different physical fitness properties such as balance (Punakallio 2003), cardio-
respiratory fitness (Lear et al. 1999) and musculoskeletal capacity (Alaranta et al. 1994) have
been measured in working aged persons to evaluate their work ability. Job-specific tests like a 
smoke-diving test for fire-fighters are less common (Holmer and Gavhed 2007). On-the-job-
training, a method of vocational rehabilitation is one of the best measures to increase work 
resumption and assess work ability (Ahlgren et al. 2005). Work disability rates as well as days 
lost from work are of course exact measures of work ability. However, they are robust, 
dichotomous and insensitive to diminish work disability among the employee (Walker et al. 
2005).
   Employee¶s perceived opinion of her/his own work ability has been proved to be a strong 
predictor of future work ability (Tuomi et al. 1997b). To operationalise the concept of 
perceived work ability Tuomi et al. (1991, 1994) constructed a questionnaire; the Work 
Ability Index (WAI). A follow-up study of aging Finnish municipal employees demonstrated 
significant associations between the WAI and supervisor¶s attitudes, conflict at work, work
ergonomics, work environment, life satisfaction, and leisure-time physical activity (Tuomi et 
al. 1991, Tuomi et al. 1997a). The WAI has been shown to predict work disability and 
mortality among Finnish municipal workers aged 44-58 years (the data covering over 40 
different occupations, n= 6257). During an 11-year follow-up period 62% of the workers in the 
group with a poor WAI were granted a work disability pension and 12% had died (Tuomi et al. 
1997b).
   In the aforementioned follow-up study of aging Finnish municipal employees clinically 
assessed factors related well with the WAI scores at the group level indicating good construct 
validity (Eskelinen et al. 1991). The test-retest reliability has also been studied among 97 
elderly Dutch construction workers (DeZwart et al. 2001). At the group level, the mean WAI 
score and classification into WAI categories remained stable measure over a 4-week time 
period.
   The WAI has been used as the outcome variable in work-site intervention studies and 
rehabilitation interventions in rehabilitation centers. Soininen (1995) found that an 8-month 
work-site physical exercise program in policemen improved their health and physical work 
capacity but had no effect on the WAI. Occupationally oriented early medical rehabilitation of 
aircraft maintenance personnel decreased the severity of low-back pain as well as the number 
of sick leave days and increased their WAI after the five years¶ follow-up period (Holopainen 
et al. 2004). Pohjonen and Ranta (2001b) reported that a 9-month work-site physical exercise 
intervention among female home care workers prevented the early decline of their work ability 
during the 5-year follow-up.
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   Most of the studies on determinants of work ability (measured by the WAI) have been done 
in physically demanding jobs. However, also white-collar workers have been studied during 
the recent years. A cross-sectional descriptive study (local government employees, 64 women 
and 24 men) showed that the physical prerequisites of functioning (spine forward flexion, 
aerobic capacity and intensity of musculoskeletal symptoms) are important factors in 
maintaining work ability (Sjögren-Rönka et al. 2002). Van de Berg et al. (2008) concluded in 
their cross-sectional study (769 men and 372 women) that among white-collar workers work 
ability was significantly associated with psychosocial factors at work, such as teamwork, stress 
handling, self-development, and, to a lesser extent, with stressful life events, lack of physical 
activity, and obesity.  
   The Finnish Health 2000 study (a cross-sectional study using interviews and questionnaires) 
with a random sample of 3 157 ± 3 774 persons aged 30 to 64 years revealed following 
predictors of the WAI expressed as R square (R2, the power of each model to explain the 
WAI): health and functional capacity 0.39, skills and professional competence 0.13, values 
0.14, work (work conditions, work contents and demands, work community and organization, 
supervisory work and management) 0.33, family 0.14 and close community 0.12 (Gould et al. 
2006). 
   In a recent systematic review (Mattke et al. 2007) identified twenty survey instruments 
assessing the effect of health problems on absenteeism or presenteeism (being present at work 
but working at a reduced capacity). Methods to estimate the cost of lost productivity were 
identified, but none of them were validated. 
 
2.2 Health-related quality of life (HRQoL)  
 
   HRQoL is defined as how a health condition impacts an individual¶s ability to function and 
his or her perceived well-being in physical, mental and social domains of life (Hays and 
Morales 2001). Thus, the concept of HRQoL has a much wider view of well-being than work 
ability. Because it is impossible to separate disease from an individual¶s personal 
characteristics and social context, assessments of HRQoL in clinical practice and research are 
needed to ensure that the focus of the treatment is on the patient rather than the disease 
(Higginson and Carr 2001). Most clinicians also agree that the traditional medical outcomes 
such as mortality and morbidity must be complemented by the assessment of HRQoL in order 
to have a complete understanding of the disease process and care. In some cases well-being 
may increase even if physical fitness or health deteriorates (Eronen et al. 1997). 
17
   Growing interest has also been raised concerning the cost-effectiveness of all measures in 
health care. Quality adjusted life years (QALYs) are used to calculate the effectiveness of 
various interventions across different medical specialties. The main indicator of QALYs is 
HRQoL. A recent Finnish systematic literature review showed that the number of studies 
where QALYs are based on actual measurements of patients¶ HRQoL is still fairly limited 
(Räisänen et al. 2006).
   The HRQoL concept includes both a functioning and well-being part. The functioning part 
includes basic activities and work-related activities. Social and psychological functioning is 
also assessed. The well-being part is subjective and relies almost exclusively on the subjective 
perceptions.
Assessment of HRQoL: Several instruments are available for assessing HRQoL (Cieza and 
Stucki 2005). In Finland, at least three different instruments for assessing the HRQoL have 
been validated and widely used: 15-D (Sintonen and Pekurinen 1989), Nottingham Health 
Profile (NHP) (Koivukangas et al. 1995) and the RAND-36 (Aalto et al. 1995). 15-D has been 
used in many studies especially in the Finnish population (Kannisto et al. 1998, Kauppinen et 
al. 1998). The 15-D includes items for evaluating various basic functions such as seeing, 
hearing, walking, breathing, eating, talking and excretory functions. Thus, the 15-D includes 
some items that may not have power to detect differences among apparently healthy people in 
the working life. The RAND-36 is perhaps the most commonly used HRQoL survey 
instrument in the world today (Hays and Morales 2001). The RAND-36 is almost the same 
instrument as the commercial SF-36. Compared with the SF-36, the RAND-36 gave almost the 
same results (Hays et al. 1993). COOP/WONCA functional health assessment charts were 
developed in North America to provide a HRQoL measurement tool for family practices. It
has been translated at least in Japanese, Nepalese, Dutch, Norwegian and Spanish (Nelson et 
al. 1987, Westbury et al. 1997).
   Most of the research on the HRQoL has been conducted with persons having different 
diseases or with retired populations. For example, a review on 37 studies (Hickey et al. 2005) 
focused on older patient groups. Saarijärvi et al. (2001) reported that the HRQoL (RAND-36)
was reduced in all aspects in Finnish patients with grave depression. In a 10-year follow-up 
study of Finnish by-pass surgery patients, the HRQoL was evaluated with NHP. The patients 
felt their energy poorer but had less pains when compared with a Finnish population sample of 
the same age and gender (Jokinen et al. 2001). NHP was also used in a randomized controlled 
trial with coronary artery by-pass patients. In a 5-year follow-up the patients in rehabilitation 
group reported less restriction in physical mobility on the NHP scale than patients with a 
conventional hospital treatment (Engblom et al. 1997). In a cross-sectional cost-effect analysis 
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of occupational oriented early rehabilitation (Helo 2000) the mean 15-D score was higher in 
women who had recently finished their rehabilitation course compared with those who were 
about to begin their course. For men, the differences in scores between those who had finished 
their rehabilitation were not significant in comparison with those who were about to begin 
their rehabilitation. Another work focusing on mostly healthy population (17 777 men and 
women aged 40 to 79 years) was done by Myint et al. (2007). In their prospective study (by 
follow-up of approximately 6.5 years) a low summary score in SF-36 mental component at 
baseline was associated with an increased risk of all-cause mortality in both genders. 
 
Work ability and HRQoL: One major feature of the model of promoting work ability is that 
good work ability produces, besides health and good productivity, also good quality of life and 
well-being during the working years and even after the retirement (Ilmarinen and Rantanen 
1999). In a 5-year follow-up of Finnish municipal workers (n = 1101, over 40 different 
occupations) Tuomi et al. (2001) found a strong association between the WAI assessed during 
the working life and satisfaction with life at the retirement. The satisfaction with life was 
evaluated with one simple question ranging from 1 (very high) to 5 (very low). The 
satisfaction with life was significantly better among the retired people whose WAI at work 
used to be good than among those with a poor WAI. The WAI scores also correlated 
significantly with every domain of the World Health Organization µQuality of life 
questionnaire¶ in 2173 workers in Taiwan (Chiu et al. 2003). In the Finnish Health 2000 study 
the WAI and HRQoL (15-D and EQ-5D) were obtained by a home interview and a 
questionnaire from 5834 Finns aged 30 to 64 years. Farmers had poorer work ability and 
HRQoL than other occupationally active groups, but the association between the WAI and 
HRQoL was not reported (Saarni et al. 2008). To the author¶s knowledge, there are no data 
available on the associations between the WAI and RAND-36. 
 
2.3 Physical activity and exercise 
 
   Physical activity is any bodily movement produced by the skeletal muscles that results in 
increased energy expenditure. Physical activity can be further divided into 1) exercise, a 
planned, structured and repetitive bodily movement done to improve or maintain one or more 
components of physical fitness, 2) occupational physical activity and 3) household physical 
activity (Oja 1995, Franklin et al. 2000). Other terms used in connection with physical activity 
are lifestyle physical activity and health-related physical activity. The review by Dunn et al. 
(1998) defined lifestyle physical activity µas the daily accumulation of at least 30 minutes of 
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self-selected activities, which includes all leisure, occupational, or household activities that are
at least moderate to vigorous in their intensity and could be planned or unplanned activities 
that are part of everyday life¶. Definition of health-enhancing or health-related physical 
activity was created to separate physical activity for developing and maintaining fitness from 
physical activity being beneficial for health (Oja 1995).
   Regular physical activity reduces the risk of several potentially life-threatening health
conditions (Fletcher et al. 1996, Kesäniemi et al. 2001, Pedersen and Saltin 2006). In addition,
the evidence of the beneficial effects of physical activity on psychological well-being is 
increasing rapidly: regular and moderate-intensity exercise seems to decrease at least moderate 
depression and anxiety (Martinsen 1990, Petruzzello et al. 1991, Weyer and Kupfer 1994, 
Dunn et al. 2001). On the other hand, some evidence indicates that high energy expenditure at 
work may have detrimental effects on cardiovascular health (Krause et al. 2007, Virkkunen et 
al. 2007).
   The body of evidence on the beneficial effects of leisure-time physical activity is strong but 
still many people in Western countries function below their potential for good health because 
of their sedentary life-style (Aromaa and Koskinen 2002, CDC 2003). Among Northern 
American adult men (population-based, random-digit-dialed telephone survey, n = 19 410) the 
prevalence of walking frequency increased from 26 to 30% between 1987 and 2000. At the 
same time, walking increased from 40 to 46% in women. However, the prevalence of walking 
three times a week for the duration of 30 minutes remained constant (Simpson et al. 2003). In 
the Finnish Health 2000 Study, physical activity was considered adequate for health if it was 
done at least four times a week, at least half an hour at a time, and the exercise caused slight 
shortness of breath and sweating. In this cross-sectional study 22% of the men (n = 2 469) of 
the working population aged 30-64 years had enough physical activity and the amount of 
physical activity increased with age. Physical activity continued to increase during the 
retirement (Aromaa and Koskinen 2002).
Determinants of physical activity: Because the body of evidence is substantial about the 
beneficial effects of physical activity, the main question seems to be the adherence (or lack of 
it) to regular physical activity. Several theories have been applied and tested about the factors 
and behaviors which could have a connection with a healthy life style and physical activity. 
Dishman and Sallis (1994) identified at least 13 relevant theories.
   In the PRECEDE-PROCEED -model, Green et al. (1980, 1999) introduced five phases of 
assessment and three determinant categories of the health behavior. The assessment phases are 
(i) social, (ii) epidemiological, (iii) behavioral and environmental, (iv) educational and 
ecological and (v) administrative and policy assessment. The three determinant categories of 
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educational and ecological assessment phase are predisposing factors (e.g., seeing other people 
in physical activity, attitudes towards physical activity), enabling factors (e.g., sufficient 
opportunities and skills for physical activity) and reinforcing factors (e.g., feeling good after 
physical activity, social support from a spouse or a family). When all the three of the 
determinat categories of health behavior are simultaneously present in a favorable way, the 
likelihood for a behavioral change and adherence to physical activity increases (Miilunpalo 
2001). 
   Some of the predisposing, enabling and reinforcing factors have also been reported being 
associated with physical activity. For example, expected health benefits, perceived fitness and 
social support are reported being positively associated with physical activity, whereas 
perceived effort and barriers to exercise are negatively associated with physical activity 
(Dennison et al. 1988, Hovell et al. 1989, Garcia and King 1991, Treiber et al. 1991, Sallis et 
al. 1992, Dishman and Sallis 1994, Laitakari and Miilunpalo 1998). In an Australian sample of 
adults at the age of 60 years or older, Booth et al. (2002) found that active and inactive men 
and women had almost the same barriers to physical activity. However, the inactive 
individuals reported more often ¶poor health¶ as a barrier, whereas active ones stated that they 
were ¶already active enough¶. 
   Laforge et al. (1999) found an association between the stage of change (according to the 
model of the stage of change of Prochaska and Di Clemente from 1983) and HRQoL. Those 
who were least prepared to adopt regular exercise reported the lowest levels of HRQoL. 
Previous studies have primarily concentrated on factors associated with physical activity in 
heterogeneous samples according to gender, age, profession and level of physical activity. The 
physical activity of different population subgroups is likely to be influenced by different 
determinants (Dishman and Sallis 1994). Therefore, more specific information is needed about 
the predisposing, enabling and reinforcing factors in order to promote adherence to exercise 
successfully.  
 
Assessment of physical activity: Studying physical activity and its benefits is difficult due to 
the complex nature of physical activity. Activity type, intensity, frequency, and duration can 
vary considerably within and between individuals. Especially in Finland where weather 
conditions can vary from hot summer days to cold and slippery winter weather, physical 
activity can change markedly during the course of the year. 
   Three types of physical activity assessment methods can be distinguished: criterion methods, 
objective methods and subjective methods. Criterion methods like doubly labeled water, 
indirect calorimetry and direct observation are the best valid and reliable methods. Objective 
methods include activity monitors (e.g. accelerometers) and heart rate monitoring. Finally, 
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questionnaires and activity diaries are considered subjective methods (Vanhees et al. 2005). 
Criterion methods are the golden standards in the assessment of physical activity, but in larger 
epidemiological studies cheaper questionnaires and diaries are preferred. Physical activity 
questionnaires vary in their complexity from self-administered, single-item questions to 
interviewer-administered surveys of lifetime physical activity. One of the most well 
documented physical activity questionnaires is the Minnesota leisure-time physical activity 
questionnaire (Taylor et al. 1978, Oja 1995, Kriska and Carpensen 1997), where frequency 
(number of sessions per month), duration (hours and minutes per session) and intensity (from 
recreational activity to competitive, strenuous activity) are asked for each activity performed.
International Physical Activity Questionnaire (IPAQ) has been developed by an international 
group of scientists and it has been translated into at least 21 different languages. Job-related, 
transportation, house care and recreational physical activity as well as the time spent sitting are 
asked separately. Intensity and duration of physical activity are also asked for. IPAQ has been 
well documented, but it has been reported overestimating the time spent in physical activity 
(Ekelund et al. 2006). The relationship was strong between IPAQ data and the data from an 
accelerometer for total and vigorous physical activity, but the relationship is was weak
between IPAQ data and monitor data for moderate physical activity (Hagströmer et al. 2006).
General principles of exercise training: Improvement in the muscular and cardio-respiratory 
fitness follows the major principles of training: overload and progression, specificity, 
individuality and reversibility. The principle of overload states that for a tissue or organ to 
improve its function, it must be exposed to a load to which it is not normally accustomed. 
Repeated exposure is associated with an adaptation by the tissue or organ that leads to 
improved functional capacity. An exercise prescription aiming to improve one¶s fitness 
specifies the intensity, session duration, frequency and total volume of training and it is the 
interaction of these variables that results in the cumulative overload to which the tissue or 
organ must adapt. Improvement in fitness is based on the need for progression in intensity 
and/or volume of training.
   The principle of specificity states that training effects derived from an exercise program are 
specific to the exercise performed and muscles involved. For example, low-resistance, high-
repetition exercises improve muscular and aerobic endurance with little change in strength. 
Consequently, a fitness program that involves a wide variety of exercises (arms, shoulders, 
chest, abdomen, back, hips and legs) recruits most of the major muscle groups and increases 
the likelihood that the training effect may transfer to vocational and recreational activities. The 
principle of specificity is particularly interesting when we aim to improve the work ability. We 
can hardly improve social skills or supervisory work and management by training muscular 
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and aerobic fitness. The principle of individuality refers to age, sex, fitness level and health 
condition which should carefully be taken into account in an exercise prescription. The last but 
not the least principle is the reversibility of the training response. An achieved, advanced 
fitness level will decrease if a regular training ends (Franklin et al. 2000). 
 
2.4 Health-related physical fitness 
 
Most definitions of physical fitness refer to the capacity of movement. Health-related physical 
fitness has been divided into five components: morphological, muscular, motor, cardio-
respiratory and metabolic fitness (Bouchard et al. 1994, Skinner and Oja 1994). For example, 
the field-based health-related fitness test battery developed in the UKK Institute in Finland 
includes the following components: cardio-respiratory fitness, musculoskeletal fitness (lower 
extremity function, trunk muscular endurance, upper-body strength, trunk flexibility and lower 
leg flexibility), motor fitness (balance) and body composition (Suni et al. 1998). 
 
2.4.1 Body composition 
 
Body composition refers to the relative proportion of body weight that is fat and fat-free tissue 
(bones, muscles and other tissues) (Franklin et al. 2000). 
 
Assessment of body composition: Widely used methods for measuring body composition are 
e.g. Body Mass Index (BMI) (Revicki and Israel 1986) and circumference of the waist (Lean 
et al. 1995). Other indirect methods for measuring body composition are skinfold thickness 
measurement, plethysmography and bioelectrical impedance analysis (Franklin 2000), but the 
criterion method at the moment seems to be the dual energy X-ray absorptiometry (Franklin 
2000, Bosy-Westphal et al. 2003). BMI between 25.0 and 29.9 kg/m2 is classified overweight 
and BMI 30.0 kg/m2 or over is classified as obesity (WHO 2000).  
 
Body composition and health: Based on the BMI and waist circumference classification of the 
cardiometabolic disease risk can be made. Overweight persons have an increased risk of 
cardiovascular diseases, and obese persons have a high, very high or an extremely high risk of 
cardiovascular diseases depending on the amount of obesity. In the same way men with a waist 
circumference over 94 cm have an increased risk and men with a circumference over 102 cm 
have a high or an extremely high risk of cardiovascular disease depending of the amount of 
obesity (Han et al. 1995). BMI over 29.9 kg/m2 or waist circumference over 101.9 cm is high 
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(21% and 32%, respectively) in Finnish men aged 30 to 64 years (Aromaa and Koskinen 
2002). From 1980 to 2000 the proportion of overweight men has increased by 70% in Finland.
Weight gain is an important risk factor for many cardio-metabolic diseases and for mortality 
(Mikkelsen et al. 1999). 
2.4.2 Cardio-respiratory fitness
   Cardio-respiratory (aerobic) fitness is related to the ability to perform dynamic, moderate-to-
high intensity exercise with large muscle groups for prolonged periods of time. Performance of 
such exercise depends on the functional state of the cardio-respiratory, neuromuscular and 
musculoskeletal systems (Franklin et al. 2000). The commonly accepted measure of cardio-
respiratory fitness is the maximal oxygen consumption (VO2max).
Assessment of cardio-respiratory fitness: Direct measurement of VO2max until exhaustion in
the laboratory is the golden standard in the assessment of cardio-respiratory fitness. The ease 
and safety have made the indirect tests e.g. the sub-maximal cycle-ergometer tests widely used 
as a substitute for the direct measurement of VO2max. Indirect methods test have been 
developed for evaluating fitness, for the risk stratification after myocardial infarction and for 
prescribing individualized exercise (Lear et al. 1999). Occupational health care has also used 
the VO2max measurement to assess functional capacity and to evaluate work ability.
   Among the population of 5 million people in Finland approximately 200 000 submaximal 
cycle-ergometer tests were done in 1997 (Helimäki et al. 2000). Sub-maximal cycle-ergometer 
tests have been shown to be accurate enough approximating VO2max for fitness evaluation in
healthy adults. In 22 healthy men aged 26-45 years the sub-maximal cycle-ergometer test 
underestimated VO2max measured on the treadmill, on average, by 8.1 ml/min/kg (Hartung et 
al. 1993). On the other hand, a sub-maximal cycle-ergometer test overestimated the direct 
VO2max the mean error being 25.7% in healthy men and women (n = 30) aged 21 to 54 years 
(Greiwe et al. 1995). VO2max can also be estimated by a step test (Shephard et al. 1976), a 
running test (Cooper 1968) or by a UKK Walk Test (Oja et al. 1991). The correlation between 
the VO2max assessed with the UKK Walk Test and that measured directly on a treadmill was 
relatively high (0.79-0.75) in physically moderately active men and obese women and men. 
The correlations were poorer in physically moderately active women and highly active men 
(0.53-0.55) (Oja et al. 1991, Laukkanen et al. 1992). The UKK Walk Test can also be used as 
a reasonably accurate field test to predict changes in VO2max due to aerobic training in 
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healthy nonathletic adults (Laukkanen et al. 2000). The number of the UKK Walk Tests made 
annually in Finland is even bigger than that of cycle-ergometer tests (Helimäki et al. 2000). 
 
Cardio-respiratory fitness and health: Cardio-respiratory fitness is known to be at least as 
strong a predictor of mortality as physical activity both in population samples and in persons 
with cardiovascular disease (Blair et al. 1996, Myers et al. 2002). The results of Blair et al. 
(1996) suggest that aerobically fit persons with any combination of smoking, elevated blood 
pressure, obesity or elevated cholesterol level had lower adjusted death rates than unfit persons 
with none of these risk factors. Also Myers et al. (2002) found that cardio-respiratory capacity 
was a more powerful predictor of mortality than other established risk factors for 
cardiovascular disease both among healthy men (n = 2534) and men suffering from a 
cardiovascular disease (n = 3679). Poor physical fitness was found to be a modifiable risk 
factor in the study of Blair et al. (1995). Improvements in cardiorespiratory fitness over time 
decreased the morbidity and mortality of cardiovascular diseases (n = 9777, age range 20  to 
82 years). In Finnish middle-aged apparently healthy men who had directly measured VO2max 
less than 27.6 ml/min/kg had a fourfold risk of all cause mortality in a 10-year follow-up 
period compared with those with VO2max more than 37.1 ml/min/kg (Laukkanen et al. 2002). 
   The relationship between physical activity and physical fitness measured with VO2max has 
been well established. On the other hand, there is strong evidence for considerable 
heterogeneity in the responsiveness of VO2max to physical training (Bouchard and Rankinen 
2001). VO2max declines with age, on average, 10% per decade (Hawkins and Wiswell 2003) 
but physical activity has favorable effects on the cardiovascular system even at the age of over 
75 years (Kasch et al. 1999). 
 
2.4.3 Musculoskeletal fitness 
 
   Musculoskeletal fitness has been used to describe the integrated status of muscular strength 
and muscular endurance. Thus, muscular fitness can be divided into muscular strength, 
muscular endurance and flexibility (Franklin et al. 2000). 
  
Measurement of musculoskeletal fitness: Muscular strength refers to the maximal force that 
can be generated by a specific muscle or muscle group. Static or isometric strength can be 
measured conveniently using a variety of devices, including cable tensiometers and handgrip 
dynamometers. When testing involves movement of the body, dynamic strength is being 
evaluated. The golden standard of dynamic strength testing is the 1-repetition maximum (1-
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RM), the heaviest weight that can be lifted only once, e.g. upper body strength in the bench 
press and leg strength in the leg press. Muscular endurance (ability of a muscle to make 
repeated movements or to resist muscular fatigue) can be measured with repeated contractions 
over a period of time sufficient to cause muscular fatigue. Thus, upper body muscles can be 
tested with a push-up test and abdominal muscles with a sit-up test (Franklin et al. 2000).
   Alaranta et al. (1994) determined the reliability of repetitive sit-ups, repetitive back tests, 
repetitive squatting and back endurance tests using as subjects 508 white-collar and blue-collar 
employees (men and women aged 35 to 54 years). The 1-year intra-observer reproducibility of 
the muscle endurance measurements showed fairly high correlation coefficient values (r = 0.63 
- 0.87). The test values showed no significant shifts between the two measurements. The inter-
observer reproducibility ranged from fairly good to excellent (r = 0.66 - 0.95).
Musculoskeletal fitness and health: The predictive value of muscular fitness on physical 
functioning and different diseases is less well documented than the predictive value of cardio-
respiratory fitness. One of the best and most cited studies was made by Brill et al. (2000). In 
their study 3069 men and 589 women (30-82 years) were followed, on average, for 5 years. A 
muscular strength and endurance index was calculated from a bench press, leg press and sit-up 
tests. The odds ratios (OR) of reporting functional limitations in the follow-up in both men and 
women having higher levels of strength were 0.56 and 0.54, respectively, compared with those 
with lower levels of strength. A 6.7-year follow-up study from mainly the same population by
Jurca et al. (2005) showed that in 3233 men (20-80 years) muscular strength was inversely 
associated with the incidence of a metabolic syndrome, independent of age and body size.
Hand-grip strength showed to be an accurate predictor of all-cause mortality in middle-aged 
and elderly persons (Sasaki et al. 2007). Among healthy men aged 45 to 68 years, hand grip 
strength was highly predictive of functional limitations and disability 25 years later (Rantanen 
et al. 1999).
2.5 Associations between work ability, physical activity and fitness 
   Study results on the relationship between perceived work ability and physical activity and 
fitness have been inconsistent. In a 5-year follow-up study among female home care workers 
Pohjonen (2001a) showed a strong predictive value of different physical fitness tests for the
reduced level of WAI. Poor results in the sit-up (OR, 8.9), balance (OR, 6.5) and weight-
lifting (OR, 4.6) test predicted the highest risk for a reduced work ability. Moreover, the 
average results for the trunk side-bending test (OR, 4.6), poor results for the squatting test 
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(OR, 3.8), poor knee extension strength (OR, 4.2) and average VO2max (l/min) (directly 
measured by cycle-ergometer) (OR, 3.1) indicated a high risk for reduction in the WAI. On the 
other hand, poor VO2max did not predict reduction in the WAI (OR, 1.2).  
   Kaleta et al. (2004) found a significant correlation (r = 0.40) between the WAI, and the 
predicted VO2max (predicted from the heart rate response to submaximal treadmill walking) in 
198 occupationally active persons. In the randomized study of Brox and Frøystein (2005) work 
ability was characterized by sickness absence and VO2max by the UKK Walk Test on a 
treadmill. A 6-month intervention consisted of weekly sessions of light group exercise lasting 
for 1 h. Participants were community-based nursing home employees (96% women, mean age 
42.5 years). Even if the physical activity and fitness improved in the intervention group, mean 
sickness absence increased in both groups. Aerobic fitness improved also in the control group. 
The participants might have been more confident with the treadmill at the follow-up, thus, 
attributing the improved performance to learning. During the 6-months trial, the intervention 
group attended an average in 12 exercise sessions, which may have been too modest to achieve 
improvement in aerobic fitness. 
   In the 8-month intervention study of Soininen (1995) with 111 middle-aged policemen 
officers no improvement was detected in the WAI, although the physical activity and fitness 
(assessed with a submaximal cycle-ergometer test) increased. In a randomized controlled trial 
with a 2-year follow-up with sedentary healthy men and women (n = 80, aged 35 to 60 years), 
physical activity and cardiorespiratory fitness (assessed with a maximal treadmill test) 
improved but the WAI did not change (Smolander et al. 2000). In a cohort study with 1755 
men from eastern Finland who were followed from 1984 to 2000 (Karpansalo et al. 2002) the 
risk of a disability pension due to musculoskeletal disorders and cardiovascular diseases was 
high among those having low baseline VO2max (measured directly using the maximal cycle-
ergometer test) especially when physical work load was heavy. Interestingly, the risk of a 
disability pension due to mental disorders was lower for those with heavy work load and low 
VO2max compared with those having high VO2max and light physical work load. In a cross-
sectional study on 524 occupationally active women and 664 occupationally active men in 
Poland (Bugajska et al. 2005) VO2max was estimated by a submaximal cycle-ergometer test 
and work ability by the WAI. Experts classified the subjects¶ physical work load in four 
categories: mental work, light physical work, medium physical work and hard physical work. 
VO2max had a significant correlation with the WAI in women in mental work and men in hard 
physical work. No significant correlation between the WAI and VO2max was found in women 
with hard physical work or in men with mental work. 
   Nygård et al. (1991) found no relationship between the estimated VO2max (assessed with a 
submaximal cycle-ergometer test) and the WAI in a sample of Finnish municipal workers (72 
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men and 65 women, mean age 55 years). Instead, maximal isometric strength of handgrip, 
trunk flexion and extension as well the result of the sit-up test had a significant correlation 
with the WAI in this cross-sectional study. A study completed by the Finnish National Public 
Health Institute (a random sample of population, Health 2000) included interviews and 
questionnaires on self-reported functional ability, working ability, and their limitations. In men 
(n = 2438, of whom 1841 had been working during the last 12 months) aged 30 to 64 years the 
highest odds ratio (OR = 34.5) concerning the impairment at work was in those persons who 
could not or had difficulties walking 2 km compared with those who could walk 2 km without 
problems. In women (n = 2644, of whom 1855 had been working during the last 12 months) 
the corresponding odds ratio was 18.5 (Gould et al. 2006). 
   From the studies above it can be concluded that good physical fitness (aerobic and 
musculoskeletal) does not automatically lead to good work ability. Studies on work ability, 
physical activity and physical fitness using as subjects specific groups on age, gender and 
profession are rare in the research literature.
2.6 Associations between HRQoL, physical activity and fitness 
   In the narrative review by Rejeski and Mihalko (2001) the major conclusion was that 
physical activity positively influences various outcomes associated with HRQoL regardless of 
age, physical activity and health condition. The review consisted of 12 studies, and in ten of 
them the mean age of the studied individuals was over 60 years. A training study (Teoman et 
al. 2004) indicated that improving physical fitness also improved HRQoL among 
postmenopausal women. An exercise intervention (Hung et al. 2004) in older women with 
coronary artery disease also suggested that improving physical fitness improved HRQoL. On
the other hand, the study by Eronen et al. (1997) showed that among aging women (mean age 
55.5 at the baseline, 84% retired at follow-up) some dimensions of quality of life improved 
during a 10-year follow-up, although their health condition and functional capacity declined 
during the same time period.
   Brox and Frøystein (2005) examined in their randomized controlled trial the associations of 
physical fitness and HRQoL in a relatively healthy population of working women (mean age 
42.5 years). There was no association between improved physical performance (measured by 
the UKK Walk Test) and HRQoL (measured by COOP/WONCA charts). In a systematic 
review of general population (Bize et al. 2007), where SF-36 questionnaire was the most often 
used instrument, the conclusion was that cross-sectional study design showed a consistently 
positive association between the physical activity level and HRQoL. But limited evidence 
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from randomized controlled trials and cohort studies precludes a conclusive statement about 
the nature of this association.  
   HRQoL was lower in persons with  higher waist circumferences or BMI (1885 men and 
2156 women aged 20 to 59 years) as compared with leaner individuals (Han et al. 1998). In a 
2-year follow-up study on obese outpatients (n = 126, mean age 48.2, 61% women) treatment 
with a very-low-energy diet and a behavior modification produced marked short-term weight 
loss and clear improvement in all aspects of HRQoL (Kaukua et al. 2003). The pattern of 
HRQoL changes only partly followed the pattern of weight loss. In spite of the massive 
numbers of fitness tests made yearly worldwide there are very few data on their associations 
with HRQoL, especially in age-, gender- and profession-specific groups. 
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3. SUMMARY OF THE LITERATURE 
   Data on the relationship between perceived work ability, HRQoL, physical activity, physical 
fitness and age are relatively extensive, but the study methods have varied and results have 
been somewhat inconsistent. Studies on the relationship between perceived work ability and 
HRQoL are rare in literature. In physically demanding jobs, especially in women, cardio-
respiratory and musculoskeletal fitness seem to be positively associated with work ability, but 
the association is not linear. In men, the association is not clear. Various test methods of 
cardio-respiratory fitness have not been compared in any of the studies in relation to perceived 
work ability or HRQoL.
   HROoL has mostly been measured in populations with some chronic disease. The available
data on the relationship between work ability and HRQoL show a close relationship with each 
other, but no studies can be found on the relationship between the WAI and RAND-36. Age-, 
gender- and profession-specific study populations are rare in studies evaluating work ability, 
HRQoL, physical activity and physical fitness.
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4. AIMS OF THE STUDY  
 
The aims of the present study were 1) to examine the relationship between perceived work 
ability and HRQoL and to investigate their associations with physical activity and physical 
fitness in Finnish middle-aged men and 2) to evaluate long-term changes in physical activity 
and fitness in police officers as well as factors predicting their leisure-time physical activity. 
 
The specific aims of the study were the following: 
 
 1. To study the relationship between perceived work ability and HRQoL in middle-aged 
Finnish men (III, IV). 
  
 2. To investigate the relationships between perceived work ability, physical activity and 
physical fitness in middle-aged Finnish men (I, III, IV). 
  
 3. To study the relationships between HRQoL, physical activity and physical fitness in 
middle-aged Finnish men (III, IV). 
  
 4. To evaluate how physical activity and fitness of young police officers predict physical 
activity and fitness in middle-age (I, II). 
  
 5. To study what factors are related to leisure-time physical activity among middle-aged 
Finnish police officers (II). 
31
5. MATERIALS AND METHODS
   The results of the present study are based on studies using both follow-up and cross-
sectional data (I, II), and on two cross-sectional studies (III, IV). Study I and II focused on 
perceived work ability, physical activity and physical fitness of middle-aged police officers. 
Study III and IV evaluated perceived work ability, HRQoL, physical activity and physical 
fitness of middle-aged Finnish men attending occupationally oriented medical rehabilitation in 
a rehabilitation center.
   The baseline data for the follow-up study (I) were collected in 1981 by Smolander et al. 
(1984). The follow-up and cross-sectional data for studies I and II were collected in 1996. The 
data for study III were collected in 2000-2001 and that for study IV in 2000 - 2003 (Figure 1).
Studies I and II, current or former police officers (n = 103)
Baseline measurements
1981
Follow-up
measurements
1996
Studies III (n = 196) and IV (n = 104), middle-aged men attending occupationally oriented medical rehabilitation
Questionnaires: WAI, RAND-36, physical activity
Measurements: Anthropometric characteristics, submaximal cycle-ergometer test
Additional measurements (study IV, n = 104): maximal cycle-ergometer test, UKK Walk Test, tests of muscular 
performance
Figure 1. Study procedure, the subjects and measurements
Questionnaire: physical activity
Measurements: submaximal cycle-ergometer test, tests of muscular 
performance and anthropometric characteristics
Questionnaire: physical activity, WAI, determinants of physical 
activity
Measurements: the same measurements as in 1981
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5.1 Subjects 
 
   All the subjects studied were men (I-IV). The subjects of study I and II were actual or former 
police officers. In 1981, they were examined in the Police Academy while they were studying 
to became police officers (n = 103) (Smolander et al. 1984). In 1996, when the 15-year follow-
up study was carried out, five of the subjects were retired, three were dead, and two had 
changed their profession. All the retired subjects participated in the follow-up study and one of 
the subjects who had changed his profession. In 1996, the mean age of the group was 49 (SD 
4.1, range 42±61) years. Of the potential 100 subjects, 94 responded to the questionnaire, and 
89 subjects participated at least in one measurement of anthropometric characteristics or 
physical fitness.  
   The subjects of the study III and IV participated in occupationally oriented medical 
rehabilitation, and were working in physically demanding jobs like construction and industrial 
work. The final selection of the subjects for the courses was made by the Social Insurance 
Institution according to the occupationally oriented medical rehabilitation selection criteria 
based on the following prerequisites: (i) at least 3 years experience in the current job, (ii) no 
diseases causing sick leave for more than 60 days during the past 2 years, but symptoms and 
signs of health problems that might hamper the work ability in long run, (iii) no diseases 
preventing rehabilitation (iv), motivation to continue in one¶s job and (v) voluntary 
participation in the course. The courses were funded by the Finnish Social Insurance 
Institution. Subjects of the study III covered all the 196 male subjects aged 40 - 60 years 
entering the Peurunka Medical Rehabilitation Center between October 2000 and October 2001 
(altogether 37 different rehabilitation groups), and their mean age was 48.3 (SD 4.5) years.  
Because it was possible to investigate more thoroughly only a low number of subjects (n = 
104) in study IV (economic reasons), only men with very narrow range of age and BMI index 
were included. Thus, the inclusion criteria of study IV were as follows: 1) men, 2) age 45 - 55 
years 3) BMI between 26.0 and 29.9. Subjects in study entered the Peurunka Medical 
rehabilitation Center between 2000 and 2003. 
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   Descriptive data of the subjects are given in detail in original articles (I-IV) and summarized 
in table 1.
Table 1. Health related characteristics in studies I-IV. Means, standard deviations and ranges 
are given.
Variable Study I and II 
1981 (baseline)
Study I and II 
 1996 (follow-
up)
Study III
 2000-2001
Study IV
 2000-2003
N (number of subjects) 103 100 196 104
Profession Police men in 
Police Academy
Police officers Blue collar 
workers
Blue collar 
workers
Age (years) 33.6 + 4.1 
(27-46)
48.7 + 4.1 
(42-61)
48.3 + 4.5 
(40-60)
50.2 + 2.8 
(45-55)
BMI (kg/m2) 25.2 + 2.7 
(19.6-33.9)
27.3 + 3.7
(19.7-38.1)
27.3 + 3.6
(16.9-44.5)
28.0 + 1.2 
(26.0-30.6)
Waist (cm) Not available 98.7 + 10.0 
(78-128)
Not 
available
100 + 6.1 
(85-117)
Current smoker (%) Not available 27 Not 
available
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Predicted VO2max (ml/min/ kg) 42.8 + 10.1 
(21-69)
38.4 + 8.3 
(20-56)
36.1 + 6.4 
(19-58)
34.3 + 4.6 
(24-46)
   The study design and protocols were approved by the ethical committee of the Finnish 
Institute of Occupational Health (study I and II) and by the local ethics committee (study III 
and IV). The subjects were volunteers, and a written informed consent was obtained from each 
subject before the start of the study. 
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5.2 Methods 
 
Studies I and II: In studies I and II in 1996, before the measurements of physical fitness, a 
questionnaire was sent to the subjects who had agreed to participate. It included questions 
reflecting perceived work ability according to the WAI (Tuomi et al. 1991, Tuomi et al. 1994), 
the frequency of leisure-time physical activity during the past 12 months (Oja et al. 1994) and 
40 statements reflecting predisposing, enabling and reinforcing factors for physical activity 
based on PRECEDE-PROCEED -model (Green et al. 1980, 1999). 
   The WAI was assessed only in 1996. The WAI (Tuomi et al. 1994) consists of the following 
seven items: (i) current work ability compared with the lifetime best, (ii) work ability in 
relation to the demands of the job, (iii) number of current diseases diagnosed by a physician, 
(iv) estimated work impairment due to disease, (v) number of sick leave days during the past 
year, (vi) subject¶s own prognosis of work ability after 2 years, and (vii) mental resources. The 
summary points from the WAI vary from 7 to 49 and WAI is divided into four work ability 
categories: poor (7 - 27 points), moderate (28 - 36 points), good (37 - 43 points) and excellent 
(44 - 49 points). 
   The forms of physical exercise aiming for improving physical fitness or health were 
especially asked with the questionnaire. As in 1981, the physical activity frequency scale 
consisted of the following five categories: (i) no regular physical exercise, (ii) physical 
exercise less than once a week, (iii) physical exercise once a week, (iv) physical exercise twice 
a week and (v) physical exercise three times or more per week (Oja et al. 1994). Physical 
activity was asked between August and September in 1981 and between October and 
December in 1996. 
   The questions based on the PRECEDE-PROCEED-model were asked only in 1996 
(Appendix 1). The questions were selected from the books and articles of Green et al. (1980, 
1999), Dishman and Sallis (1994), Laitakari and Miilunpalo (1998), Miilunpalo (2001) and 
Booth (2002). The validity and reliability of these questions are considered good in the above 
mentioned articles. Relevant statements on the living and working environment of the subjects 
were added. The questionnaire contained 40 statements about predisposing (15 items, e.g. 
µpositive attitudes towards competitive sports¶ or µinsufficient knowledge about physical 
activity¶), enabling (12 items, e.g., µenough leisure-time¶ or µlack of skill for any form of 
interesting physical activity¶) and reinforcing (13 items, e.g., µfeeling less tired when 
exercising regularly¶ or µfeel satisfied after physical activity¶) factors for physical activity. Of 
the 40 statements 21 were considered promoting and 19 were considered hindering physical 
activity. The subjects were asked to rate every statement as (i) very important, (ii) somewhat 
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important or (iii) not important regarding to their present physical activity. Also medication, 
smoking habits and possible sicknesses were inquired.
   The subjects of study I and II lived in different parts of Finland. The assessments of 
anthropometric characteristics and physical fitness in 1996 were performed using the same 
researchers and equipment as in 1981. The assessment of physical fitness was started with a 
health screening which included a medical examination of cardio-respiratory and 
musculoskeletal status. The physician decided which tests each subject could perform safely. 
The height and weight were measured with standard scales, and the BMI was calculated 
(Revicki and Israel 1986). The waist circumference was measured twice with a flexible tape 
measure and the mean value of these two measurements was recorded (Lean et al. 1995).
   VO2max (ml/min/kg) was estimated by a submaximal incremental exercise test where the 
subject was pedaling for 4 minutes at each load until the heart rate (HR) of 150±160 beats/min 
was achieved at the highest load. Usually, three to four work loads were needed to obtain the 
HR of 150 - 160. The target HR was selected from the tables by Shvartz and Reibold (1990) to 
reach 85% of the age matched maximal HR. A mechanically braked cycle - ergometer was 
used (Monark, Sweden). VO2max was calculated with the WHO extrapolation method as in 
1981 (Louhevaara et al. 1980). The linearity of HR response to incremental work loads was 
checked graphically for each subject (all regression coefficients > 0.90).
   The safety of the cycle - ergometer test was confirmed by monitoring the blood pressure and 
electrocardiogram (EKG) before, during and after the test.
   After a 20-min rest that followed the cycle-ergometer test, the following three tests of 
muscular performance were performed according to the instruction given by Vuori (1976) as 
in 1981: (1) the push-up test (number of repetitions in 30 s), (2) the bent knee sit-up test 
(number of repetitions in 30 s), and (3) the pull-up test (maximum number of repetitions). The 
reference values were obtained from Rusko et al. (1976).
Studies III and IV: In studies III and IV, the physical activity was assessed with a 
questionnaire which included three different areas of physical activity: (i) leisure time physical 
activity, (ii) physical activity related to daily living, e.g., gardening, picking berries etc. and 
(iii) physical activity related to commuting to work. The physical activity frequency scale 
consisted of five categories: (i) no physical activity, (ii) physical activity less than once a 
week, (iii) physical activity once a week, (iv) physical activity two or three times a week, and 
(v) physical activity at least four times a week (modified from Oja 1995). The physical activity 
was asked for both summer and winter time separately.
   In studies III and IV, the WAI was assessed as in studies I and II. In study IV the WAI was 
only obtained from a subgroup of 52 men. HRQoL was assessed by the RAND-36 
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questionnaire (Aalto et al. 1995). The RAND-36 questionnaire consists of eight different 
concepts with multi-item scales (35 items): (i) physical functioning, (ii) physical role 
functioning, (iii) bodily pains, (iv) general health perceptions, (v) social functioning, (vi) 
emotional well-being, (vii) emotional role functioning and (viii) energy versus fatigue. An 
additional single item assesses the change in perceived health during the past 12 months. The 
first four health dimensions comprise the physical summary score (physical health, P-RAND) 
and the last four health dimensions comprise the mental summary score (mental health, M-
RAND) (Hays and Morales 2001). The results of the subjects were compared with those of a 
random sample of the Finnish male population aged 45 - 54 years according to Aalto et al. 
(1999). 
   In studies III and IV, the height and weight and were measured with standard scales, and 
BMI was calculated. Blood pressure was measured once with the conventional auscultatory 
method of Riva-Rocci in a sitting position, and a 12-lead ECG was recorded in a supine 
position before the health examination. VO2max was estimated by a submaximal incremental 
exercise test on an electrically braked cycle-ergometer (Ergoline 900, Medith, Germany). The 
pedaling lasted for 3 minutes at each load until HR of 150±160 beats/min was achieved at the 
highest load or the rating of perceived exertion (RPE) reached 15 or 16 on the scale from 6 to 
20 (Borg 1970). The target HR was selected as in study I and II. The total duration of the 
cycle-ergometer test with warm-up and warm-down was between 15 and 18 minutes 
depending on the number of the stages needed (usually 3 or 4) to reach the target HR. The 
safety of the cycle-ergometer test was confirmed as in study I. In study III also medication, 
smoking habits and possible sicknesses were inquired. 
   For the subjects of study IV, an extended health examination also included the measurement 
of the circumference of the waist as in study I. 
   In addition to the submaximal incremental cycle-ergometer test, a maximal incremental 
cycle-ergometer test and tests of muscular performance were performed in a given order 
(Table 2) in study IV. In the maximal cycle-ergometer test the respiratory gases were analysed 
by Medical Graphics CPX/D (Medical Graphics Corporation). The test procedure was 
otherwise similar as in the submaximal test but the test was maximal. Each load lasted for 3 
minutes and the load was usually increased by 50 watts steps after 3 minutes. The maximal 
test was supervised by a physician. The test was considered maximal if RPE reached 19 or 20 
on the scale from 6 to 20 (Borg 1970). The safety of the cycle-ergometer test was confirmed 
by monitoring the blood pressure and electrocardiogram (EKG) before, during and after the 
test. 
   The UKK Walk Test was performed on the second week of the rehabilitation course as well 
as the tests of muscular performance. The subjects had done the UKK Walk Test already in the 
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first period of rehabilitation 2 or 3 months earlier in order to be familiar with the test. Both the 
UKK Walk Test index and VO2max were calculated for each subject according to Oja et al. 
(2001). 
Table 2. The timetable of study IV. 
Day of the study Assessmets done on each day
First Questionnaires, EKG and blood pressure
Second Waist circumference, medical examination
Third Submaximal cycle-ergometer test
Fifth Maximal cycle-ergometer test
Ninth UKK Walk Test
Eleventh Tests of muscular performance
   The tests of muscular performance consisted of maximal isometric handgrip strength of both 
hands by a dynamometer (Newtest Ltd., Oulu, Finland), a sit-up test, a back endurance test, a
squatting test and a dynamic lifting test with both upper extremities with a 10 kg weight 
(Alaranta et al. 1990, Alaranta et al. 1994).
5.3 Statistics
   In studies I and II the edited and coded data from the questionnaires and tests were entered 
and processed in by SAS Microsoft statistical analysis system (version 6.0, SAS Institute Inc. 
USA). In studies III and IV the SPSS statistical analysis system (version 10.0, 11.5 and 12.0, 
SPSS Inc. USA) was used. The means and standard deviations were calculated to describe the 
populations.
   The results of the follow-up study (I) were compared with the Student¶s t-test for paired 
observations. The correlations between different parametric variables were calculated with 
Pearson¶s and ordinal variables with Spearman¶s correlation coefficient.
   In study II three factors were extracted by the Principal Component Analysis method and the 
Oblimin with Kaiser Normalization rotation method from the 40 statements of predisposing, 
enabling or reinforcing physical activity. The statements with low loadings or eigenvalues 
were not approved for the final models. A linear regression analysis was used for an additional 
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analysis of the three factors found in the Principal Component Analysis (predisposing, 
enabling and reinforcing). Physical activity in 1996 during the past 12 months and aerobic 
fitness measured by the cycle-ergometer were the dependent variables. An ¶enter¶ method was 
used with entry criteria of 0.05 and removal criteria of 0.1 for the probability of F. 
   The data in study III were further analysed with linear regression analysis. The variables in 
the regression models were selected by the enter method. In the first analysis the age, WAI, 
physical activity and aerobic fitness of the subjects were selected as independent variables and 
different items of RAND-36 were selected as dependent variables in each model. In the second 
analysis the age, physical activity and fitness of the subjects were selected as independent 
variables and WAI as the dependent variable. The power of each model to explain the different 
items of the RAND-36 or WAI was given as adjusted R Square (R2) value. Standardised beta 
(Beta) coefficients were given for each independent variable to show their predictive value. 
   A physical activity index was calculated by means of a factor analysis (Principal axis 
factoring, Oblim) as one factor solution, explaining 41 % of the total variance with the 
eigenvalue 2.5. 
   In study III and IV, 95% confidence intervals were calculated in order to compare the 
subjects and Finnish men in general with respect to different items of RAND-36. 
   In study IV, Pearson¶s correlation coefficients between the WAI, RAND-36, P-RAND, M-
RAND, different items of the RAND-36, results of the maximal cycle-ergometer test, results 
of the UKK Walk Test and results of the muscular performance were calculated. To evaluate 
the predictive power of physical performance tests on P-RAND and WAI, the data were 
further analyzed with multiple linear regression analysis. In the first analysis, the four results 
of aerobic performance (the last work load of the maximal cycle-ergometer test, VO2max 
obtained from the maximal cycle-ergometer test, VO2max calculated from the UKK Walk Test 
and the index (based on the UKK Walk Test) were selected as independent variables and the 
P-RAND or WAI as the dependent variable in each model. In the second analysis the results of 
dynamic tests of upper extremities were selected as independent variables and the P-RAND or 
WAI as the dependent variable in each model. The data were further analyzed with a multiple 
linear regression analysis (Enter method). Only the variables explaining significantly the 
variance in the P-RAND or WAI (significance of beta was < 0.05) were entered in the final 
model to obtain the final R Square. 
   To evaluate the associations between different dimensions of the RAND-36 and different 
items of WAI in study IV, Pearson¶s correlation coefficients were calculated. 
   The results were considered statistically significant if p < 0.05. 
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6. RESULTS
6.1 Perceived work ability (I, III, IV)
   The mean WAI values (+ SD) for the police officers in 1996 (study I) and for the 
rehabilitation subjects in study III and IV were 38.6 (+5.7), 38.5 (+5.1) and 37.8 (+6.1), 
respectively. Distribution of the subjects by the WAI categories (Tuomi et al. 1994) is shown 
in Table 3.
Table 3. The relative proportion of subjects (%) by the WAI categories. 
Poor
(%)
Moderate
(%)
Good
(%)
Excellent
(%)
Study I
(n = 86)
7 21 57 15
Study III
(n = 192)
3 26 55 16
Study IV
(n = 52)
8 25 52 15
There was a negative correlation between the age and the WAI of police officers (I) (r = -0.31, 
p = 0.003). In subjects of study III and IV the correlation between the age and WAI was weak 
(r = 0.024, p = 0.74 and r = 0.16, p = 0.26, respectively).
6.2 HRQoL (III, IV)
   The HRQoL results according to the different items of the RAND-36 in the subjects in the 
study III and IV were compared with the reference values of Finnish men of the same age 
(Table 4). The subjects in the study III had lower values in the pain index (more pain according 
to the confidence intervals) and higher values in the emotional well-being index (p < 0.05) than 
those of the reference men. In the study IV, the dimensions of RAND-36 were at the same 
level as those of the Finnish men of the same age.
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Table 4. HRQoL (the RAND-36 dimensions) among the rehabilitation subjects (study III and 
IV) in comparison with the reference population of Finnish men aged 45 to 54 years (n =180) 
(Aalto et al. 1999). 95% CI = 95% confidence interval. The scale for each dimension is from 0 
to 100 (100 = the best possible HRQoL). 
 
Rand-36 dimen-
sion 
 Study III, n = 196 
 
Study IV, n = 96 Reference population of Fin-
nish men (n = 180) 
 
 Mean 95% CI Mean 95% CI Mean 95% CI 
General health 
perception 
58.2 56.0-60.4 60.6 56.7-64.4 60.4 53.3-67.5 
Physical  
functioning  
85.6  83.6-87.5 85.3 81.7-88.9 85.8    80.7-90.9 
Physical role 
functioning 
73.6  68.7-78.4 74.0 66.6-81.3 74.4    68.0-80.8 
Bodily pain 63.9 60.9-66.8 68.9 63.9-73.8 74.3 67.9-80.7 
Emotional role 
functioning 
84.4 80.2-88.6 81.4 75.1-87.8 77.3 71.2-83.4 
Emotional well- 
being  
78.6     76.3-81.0 76.1 72.9-79.4 74.6  68.3-80.9 
Social functioning  84.2   81.4-87.1 85.0 81.1-88.9 81.3   75.5-87.1 
Energy 67.4 64.7-70.1 67.3 63.6-71.0 65.8 58.9-72.7 
 
 
6.3 Physical activity (I, II, III, IV) 
 
   In 1996, the proportion of the police officers (I, II) having leisure-time physical activity at 
least twice a week was 62% during the past 12 months. Approximately every fifth subject 
(21%) exercised less often than once a week. Approximately one third of the subjects (37%) 
attending occupationally oriented medical rehabilitation courses had leisure-time physical 
activity at least twice a week (III). Approximately one third (36%) exercised less than once a 
week (III). Over two fifths of the subjects (41%) of study IV had leisure-time physical activity 
at least twice a week during the past 12 months. Approximately one third (32%) exercised less 
than once a week. 
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   The proportion of police officers who exercised at least twice a week during their leisure time 
increased from 42% to 62% in the follow-up period from 1981 to 1996 (I, II). More than a half 
(53 %) had increased their leisure-time physical activity frequency in 1996 compared with that 
in 1981. Almost every fourth subject (23 %) had the same level of physical activity frequency 
in 1996 as in 1981. Every fourth subject (25 %) had less leisure-time physical activity in 1996 
than in 1981. Three fourths of them (76 %) who were physically active (physical exercise twice 
a week or more) in 1981 were still active in 1996. About half of them (52 %) who were 
physically passive (physical exercise once a week or less) in 1981 had become active in 1996.
   In 1996, leisure-time physical activity of the police officers was mostly endurance-type of 
training (e.g. walking, running, bicycling, skiing, orienteering) (I, II). About one fourth of the 
physically active subjects (26 %) performed such exercises (e.g., weight lifting) that was
estimated to have beneficial effects on muscular performance.
6.4 Physical fitness (I, II, III, IV)
   The mean VO2max (ml/min/kg +SD) estimated by submaximal cycle-ergometer test for the 
police officers (I, II), and for the rehabilitation subjects (III, IV) were 38.4 (+8.3), 36.1 (+ 6.4) 
and 34.3 (+ 4.6), respectively. The subjects classified to four different fitness categories 
according to the all cause mortality risk (Laukkanen et al. 2002) are shown in Table 5.
   Table 5. The risk stratification (Laukkanen et al. 2002) of the studied men by the level of 
maximal oxygen uptake (VO2max, ml/min/kg). 
Subjects VO2max
<27.6 27.6 -32.2 32.3 ± 37.1 >37.1 
Study I and II
(Age 48.7 + 4.1, 
BMI 27.3 + 3.7)
(n = 76)
11% 13% 21% 55%
Study III
(Age 48.3 + 4.5,
BMI 27.3 + 3.6)
(n = 177)
5% 23% 33% 38%
Study IV
(Age 50.2 + 2.8,
BMI 28.0 + 1.2)
(n =102)
5% 35% 39% 21%
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   In the follow-up study with police officers (I, II), it was found that VO2max (related to the 
body mass) and muscular fitness were significantly lower in 1996 than in 1981. No significant 
difference was found in absolute VO2max (Table 6).  
 
 
Table 6. VO2max and the muscular fitness of the police officers in 1981 and 1996 (study I, n = 
103). Means and standard deviations are given. In the comparison only the results of those 
subjects are used that participated both in 1981 and 1996. Reps = Repetitions. 
 
 
Variable 
 
 
N 
 
 
1981 
 
 
1996 
 
 
Difference 
 
Age (years) 
 
91 
 
33.6+4.1 
 
48.7+4.1 
 
+15.1 
 
BMI (kg/m2) 81 25.2+2.7 27.3+3.7 +2.1*** 
 
VO2max  ( l/min) 75 3.4+0.8 
 
3.3+0.7 -0.1 
VO2max (ml/min/kg) 74 42.8+10.1 
 
38.4+8.3 -4.4*** 
Sit-up test (reps/30 s) 79 20.9+3.4 
 
17.5+5.6 
 
-3.4*** 
Push-up test (reps/30 s) 77 25.5+8.5 
 
18.6+9.9 -6.9*** 
Pull-up (max reps) 71 5.0+3.4 4.0+4.0 
 
-1.0** 
 
Statistical significance: * p < 0.05, **p < 0.01, *** p < 0.001
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   In the police officers in study I, there was no significant correlation between age and 
VO2max, (ml/min/kg) measured in 1981 or 1996 (r = -0.14, p = 0.20 and r = -0.18, p = 
0.12, respectively).  
   In studies III and IV there was no correlation between age and VO2max (r = -0.11, p = 
0.14 and r = -0.01, p = 0.94, respectively). 
 
6.5 Predictors of physical activity and fitness in middle-aged police officers (II) 
 
Predisposing, enabling and reinforcing factors as prerequisites of physical activity: 
The final model in the factor analysis included 9 statements which were used to form 
three specific factors labelled ³enjoyment´ (reinforcing factor), ³lack of skill´ (enabling 
factor) and ³lack of knowledge¶¶ (predisposing factor) (Table 7). The three factors (9 
questions) predicted 9% of the variance of physical activity during the past 12 months. 
The standardized beta coefficients were 0.26 for factor I (enjoyment), -0.11 for factor II 
(lack of skill) and -0.15 for factor III (lack of knowledge) (p = 0.013, p = 0.298 and p = 
0.139, respectively). 
 
Predisposing, enabling and reinforcing factors as prerequisites of VO2max: Three 
factors (enjoyment, lack of skill, lack of knowledge) predicted 11% of the variance of 
VO2max. The standardized beta coefficients were 0.29 for (enjoyment), -0.06 for (lack 
of skill) and -0.19 (lack of knowledge) (p = 0.013, p = 0.601 and p = 0.089, 
respectively). 
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Table 7. Predisposing, enabling and reinforcing factors of physical activity (study II, n = 
91). From the 40 original statements on reinforcing, enabling or predisposing to 
physical activity three factors were extracted by the factor analysis. Their loadings are 
shown according to the Principal Component Analysis method and Oblimin with Kaiser 
Normalization rotation method. 
 
Statements Factor I, En-
joyment 
Reinforcing 
statements 
Factor II,  
Lack of skills 
Enabling 
statements 
Factor III,  
Lack of knowledge 
Predisposing 
statements 
Feel better after physical activity 0.895   
Feel less tired when exercising 
regularly 
0.881   
Notice one¶s improved fitness 0.740   
Feel satisfied after physical activity 0.712   
Lack of skill for any form of 
interesting physical activity 
 0.940  
No possibility for suitable physical 
activity 
 0.885  
Own illness hindrance to physical 
activity 
 0.703  
Insufficient knowledge about physical 
activity 
  0.917 
Insufficient knowledge of the health 
effects of physical activity 
  0.879 
 
6.6 Associations between physical activity and fitness (I, II, III, IV) 
 
Police officers: Leisure-time physical activity in 1981 (during past 12 months) corre-
lated significantly with leisure-time physical activity in 1996 (during the past 12 
months) (r = 0.30, p = 0.004). Physical activity in 1996 during the past 12 months corre-
lated significantly with the results of the push-up tests in 1981 (r = 0.22, p = 0.047).  
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The results of the sit-up, pull-up and push-up tests in 1981 correlated significantly with 
the same tests in 1996 (r = 0.64, p = 0.000; r = 0.79, p = 0.000; r = 0.82, p = 0.000, 
respectively). 
   The physical activity level in the year 1981 correlated significantly with the physical 
fitness level (cardio-respiratory and muscular fitness) assessed in 1996 (Table 8). There 
was no significant correlation between physical fitness in 1996 and leisure-time 
physical activity during the past 12 months in 1996.  
 
Blue collar workers in study III and IV: There was a positive significant correlation 
between frequency of leisure-time physical activity and VO2max (r = 0.26, p = 0.001) in 
study III. In study IV, the correlation between leisure-time physical activity and 
VO2max estimated by submaximal cycle-ergometer was also significant (r = 0.33, p = 
0.001). VO2max obtained from the maximal cycle-ergometer test had a significant 
correlation with leisure-time physical activity (r = 0.30, p = 0.007). The fitness index 
and VO2max estimated on the basis of the 2-km walking test had a weak correlation 
with leisure-time physical activity (r = 0.20, p = 0.08 and r = 0.18, p = 0.12, 
respectively).  
 
Table 8. Associations of physical fitness in 1996 and physical activity (past 12 months) 
in 1981 and 1996. Spearman¶s correlation coefficients are given. (VO2max = maximal 
oxygen consumption, reps = repetitions, study I, n = 94).  
Physical fitness 
in 1996 
Physical activity in 1981 Physical activity in 1996 
 
VO2max (ml/min/kg) 
 
0.46*** 
 
0.11 
 
Sit-up (reps/30 s) 
 
0.40** 
 
0.11 
 
Push-up (reps/30 s) 
 
0.41*** 
 
0.19 
 
Pull-up (maximal reps) 
 
0.34*** 
 
0.13 
Statistical significance: **p < 0.01, *** p < 0.001  
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6.7 Perceived work ability and HRQoL (III, IV) 
 
   Age, the WAI, VO2max and physical activity predicted 15 - 43% of the variance in 
different items of the RAND-36 in (III). The standardised beta coefficients for the WAI 
were significant for each item of the RAND-36 (ȕ = 0.38 - 0.64, p = 0.000). The 
standardised beta coefficients for the age were significant for the energy index (ȕ = 
0.13, p = 0.04) and emotional well-being index (ȕ = 0.25, p = 0.001) (Table 9).  
 
Table 9. The associations of health related quality of life with age, perceived work 
ability (WAI), aerobic fitness (estimated VO2max, ml/kg/min) and physical activity 
(study III, n = 196). Results of the linear regression analysis. Age, the physical activity 
index, WAI and VO2max serve as the independent variables and different items of the 
RAND-36 as the dependent variables. The model¶s power in explaining the total 
variance is given in adjusted R Square (R2) values. Standardized beta (ȕ) coefficients 
are given for each independent variable to show their predictive value.  
 
RAND dimension R2 Age WAI VO2max Physical activity 
Physical functioning 
index 
0.33 -0.03 0.53*** 0.20** 0.04 
Role functioning-
physical index 
0.25 -0.02 0.50*** 0.07 -0.06 
Role functioning-
emotional index 
0.18 -0.05 0.43*** 0.08 0.04 
Energy index 0.43 0.13* 0.64*** 0.03 0.09 
Emotional well- 
being index 
0.28 0.25** 0.48*** 0.00 0.03 
Social functioning 
index 
0.15 0.14 0.38*** 0.03 -0.08 
Bodily pain index 0.27 0.04 0.54*** -0.01 0.01 
General health 
perception index 
0.30 0.10 0.53*** 0.11 0.02 
 
Statistical significance: *p < 0.05, **p < 0.01, *** p < 0.001  
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There was a significant correlation between the WAI and the P-RAND (summary score 
of the physical items of the RAND-36) (r = 0.63, p = 0.000) in study IV. The 
correlations between the WAI and the different items of P-RAND were higher than the 
correlations between the WAI and items of M-RAND (summary score of the mental 
items of the RAND-36) (r = 0.47-0.64, p = 0.001-0.000; r = 0.31-0.19, p = 0.035-0.19, 
respectively). In study IV there were also significant correlations between each item of  
 
Table 10. The associations between physical health dimensions of the RAND-36 and different 
items of the WAI in study IV. P-RAND is the summary score of the physical health dimensions 
of the RAND-36 (n = 49). Pearson¶s correlation coefficients are given. 
 
WAI items Physical 
functioning 
index 
Role function-
ing-physical 
index 
Bodily 
pain in-
dex 
General 
health percep-
tion index 
P-
RAND 
Current work ability 
compared with the life-
time best 
0.32* 0.52*** 0.34* 0.34* 0.47** 
Work ability in relation 
to the physical demands 
of the job  
0.50*** 0.43** 0.45** 0.31* 0.49*** 
Work ability in relation 
to the mental demands 
of the job  
-0.03 -0.04 0.04 0.14 0.02 
Own prognosis of work 
ability after two years  
0.32* 0.52*** 0.39** 0.27 0.47** 
Number of current dis-
eases diagnosed by a 
physician  
0.25 0.42** 0.33* 0.41** 0.43** 
Estimated work im-
pairment due to diseases 
0.45** 0.55*** 0.43** 0.42** 0.55*** 
Sick leaves during the 
past year 
0.33* 0.38** 0.31* 0.37** 0.41** 
Mental resources 0.31* 0.34* 0.32* 0.27 0.37* 
Statistical significance: *p < 0.05, **p < 0.01, *** p < 0.001 
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the WAI and the physical health dimensions of the RAND-36 (r = 0.25-0.55, p = 0.089- 
0.000, respectively) except for the µwork ability in relation to the mental demands of the 
job¶ (r = 0.02-0.14, p = 0.83-0.36, respectively) (Table 10). The correlations between 
most items of the WAI and mental dimensions of the RAND-36 were not statistically 
significant except for the µnumber of current diseases diagnosed by a physician¶ and 
µmental resources¶ (r = 0.23-0.35, p = 0.109-0.016 and r = 0.18-0.46, p = 0.225-0.001)  
(Table 11). 
 
Table 11. The associations between mental health dimensions of the RAND-36 and different items of the 
WAI in study IV. M-RAND is the summary score of the mental health dimensions of the RAND-36 (n = 
49). Pearson¶s correlation coefficients are given.  
 
WAI items Role functioning-
emotional index 
Energy 
index 
Emotional well- 
being index 
Social 
functioning 
index 
M-
RAND 
Current work ability 
compared with the life-
time best 
0.27 0.13 0.01 0.14 0.21 
Work ability in relation 
to the physical demands 
of the job  
0.15 0.12 0.13 0.20 0.18 
Work ability in relation 
to the mental demands of 
the job  
0.25 0.03 0.20 0.11 0.20 
Own prognosis of work 
ability after two years  0.12 0.11 0.00 0.10 0.11 
Number of current dis-
eases diagnosed by a 
physician  
0.32* 0.23 0.30* 030* 0.35* 
Estimated work impair-
ment due to diseases 0.11 0.10 0.06 0.12 0.14 
Sick leaves during the 
past year 0.18 0.11 0.07 0.02 0.13 
Mental resources 
0.18 0.23 0.22 0.46** 0.31* 
Statistical significance: *p < 0.05, **p < 0.01, *** p < 0.001 
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6.8 Perceived work ability, physical activity and fitness (I, III, IV) 
 
   The WAI of the police officers measured in 1996 (I) had a positive significant 
correlation (r = 0.31, p < 0.01) with the results of the sit-up test in 1996. The correlation 
was not significant between the WAI and other physical fitness tests and leisure-time 
physical activity during the past 12 months (Table 12). The result of the sit-up test in 
1981 also correlated with the WAI in 1996 (r = 0.29, p = 0.009). 
 
Table 12. The associations of physical activity and fitness with the WAI (study I, n = 
94). Spearman¶s correlation coefficients are given. 
 
Variable 
 
WAI 
 
Physical activity in 1996 /past 12 months 
 
-0.02 
 
VO2max in 1996 (ml/min/kg)  
 
-0.00 
 
Sit-up test in 1996 (reps/30 s) 
 
0.31** 
 
Pull-up in 1996 (maximum reps) 
 
0.15 
 
Push-up in 1996 (reps/30 s) 
 
0.19 
 
Statistical significance: **p < 0.01 
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Table 13. The associations of physical fitness [directly measured maximal oxygen consumption 
(VO2max, ml/min/kg), maximal load in the cycle-ergometer test (watts), walking time in the 
UKK Walk Test (min), estimated VO2max value according to the UKK Walk Test, the fitness 
index calculated from the UKK Walk Test] with the work ability index (WAI) and physical 
items of the RAND-36 (P-RAND). Pearson¶s correlation coefficients (r) are given. The P-
RAND is the summary score of the four physical items of the RAND-36 (study IV). Number of 
subjects with the WAI was 43 - 44 and number of subjects with different items of P-RAND was 
73 - 76. 
 
 WAI 
 
General 
health 
perception 
Physical 
functioning 
Physical role 
functioning 
Bodily 
pain 
P-RAND 
VO2max  0.11 0.12  0.17  0.08 0.04 0.11 
Maximal 
load 
0.15 0.24* 0.18 0.13 0.17  0.20 
Walking 
time in 
UKK Walk 
Test 
-0.20 -0.28* -0.24* -0.23* -0.21 -0.27* 
VO2max 
by UKK 
Walk Test 
0.33* 
 
0.30* 
 
0.25* 
 
0.24* 
 
0.20 
 
0.29* 
 
Fitness 
index from 
UKK Walk 
Test 
0.30* 
 
0.23* 
 
0.16 
 
0.12 
 
0.11 
 
0.17 
 
Statistical significance: *p<0.05 
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   The men in occupationally oriented medical rehabilitation (III) had a low correlation 
between the WAI and the physical activity index (r = -0.02, p = 0.82). The WAI had a 
nearly significant correlation with VO2max (r = 0.14, p = 0.066). The subjects in study 
IV had no correlation between the WAI and leisure-time physical activity (r = -0.08, p = 
0.60). The fitness index and the VO2max based on the UKK Walk Test in study IV had 
a significant correlation with the WAI (r = 0.30, p = 0.046; r = 0.33, p = 0.031, 
respectively), but the VO2max directly measured by cycle-ergometer test had no 
significant correlation with the WAI (Table 13). In the multiple linear regression 
analysis, the measured level of aerobic physical fitness in different fitness tests modes 
had no predictive power on the WAI. 
 
In study IV, there was significant correlation between the dynamic lifting test of both 
upper extremities and WAI (r = 0.31 right and r = 0.34 left, p < 0.05 for both) (Table 
14). In the multiple linear regression analysis, the result of the left extremity had almost 
significant predictive power on WAI (standardized beta coefficient 0.40, p = 0.082). 
 
Table 14. The associations of muscular fitness (dynamic and static tests) with work ability index 
(WAI). Pearson¶s correlation coefficients (r) are given (n = 43, study IV).  
 WAI 
Hand grip test, right 0.00 
Hand grip test, left - 0.14 
Dynamic lifting test, right upper extremity 0.31* 
Dynamic lifting test, left upper extremity 0.34* 
Back endurance test 0.19 
Sit-up test 0.17 
Squatting test 0.12 
 
Statistical significance: *p < 0.05 
 
6.9 HRQoL, physical activity and fitness (III, IV) 
 
   The associations between HRQoL, physical activity and physical fitness were 
evaluated with linear regression analysis (Table 9, study III). The result showed a close 
relationship between VO2max and physical functioning index (ȕ = 0.20, p = 0.008). The 
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standardised beta coefficient for the physical activity was significant for no items of the 
RAND-36.  
   The associations between cardio-respiratory fitness tests and P-RAND-36 were 
evaluated with Pearson¶s correlation analysis (Table 13, study IV). The results showed 
that the walking time and the estimated VO2max (UKK Walk Test) correlated 
significantly with the P-RAND and the single physical items of the RAND-36 except 
for the bodily pain item. The maximal load achieved in the cycle-ergometer test 
correlated significantly with the general health item of the RAND-36. The VO2max and 
fitness index based on the UKK Walk Test explained the P-RAND (standardized beta 
coefficients 1.2 and -1.0, p = 0.002 and p = 0.005, respectively). The R2 of the final 
model was 0.18. 
    
Table 15. Associations of the muscular fitness (dynamic and static tests) with physical 
items of the RAND-36. P-RAND is the summary score of the four physical items of the 
RAND-36. Pearson¶s correlation coefficients (r) are given (n = 75 - 76, study IV). 
 
 
P-RAND General 
health 
perception 
Physical 
functioning 
Physical 
role 
functioning 
Bodily pain 
Hand grip test, 
right 
0.03 
 
0.12 
 
0.06 
 
 -0.05 
 
 0.05 
 
Hand grip test, left 0.05 0.16 0.04 -0.03 0.08 
Dynamic lifting 
test, right arm 
0.25* 
 
0.17 
 
0.23* 
 
0.25* 
 
0.23 
 
Dynamic lifting 
test, left arm 
0.28* 
 
0.14 
 
0.28* 
 
0.28* 
 
0.27* 
 
Back endurance 
test 
0.13 0.045 0.19 0.12 0.11 
Sit-up test 0.10 0.05 0.12 0.12 0.06 
Squatting test 0.19 0.10 0.24* 0.18 0.18 
 
Statistical significance: *p < 0.05 
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   There were no significant correlations between measured aerobic performance indices 
and the M-RAND-36 or its domains. 
   In study IV, there were significant positive correlations between the dynamic lifting 
test of both extremities and P-RAND (r = 0.25 right and r = 0.28 left, p < 0.05 for both), 
lifting test and physical functioning (r = 0.23 right, r = 0.28 left, p < 0.05 for both), 
lifting test and physical role functioning (r = 0.25 right, r = 0.28 left, p < 0.05 for both) 
and squatting test and physical functioning (r = 0.24, p < 0.05) (Table 15). In the 
multiple linear regression analysis, the results of both upper extremities had predictive 
power on P-RAND (right, ȕ = 0.23, left, ȕ = 0.28, p = 0.027 and p = 0.014, 
respectively). 
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7. DISCUSSION 
 
The primary purpose of this study was to examine the associations of perceived work 
ability (assessed with the work ability index, WAI) and health-related quality of life 
(HRQoL, measured with the RAND-36) and to investigate their associations with age, 
physical activity and physical fitness among middle-aged Finnish men. The main 
finding was that the WAI and RAND-36 were closely related with each other. The 
association of the WAI and the RAND-36 has not been studied earlier, even if today 
both these questionnaires are commonly used tools in health care (Hays and Morales 
2001, Ilmarinen and Tuomi 2004). Among the several fitness tests studied, the UKK 
Walk Test and the dynamic test of upper limbs had the strongest association with both 
the WAI and RAND-36. 
 
7.1 Methodological considerations 
 
7.1.1 Subjects and study design 
 
   The majority of the data of this study was based on cross-sectional study design. 
Associations between different variables are presented but no causal relationships can 
be drawn from the present results. The age of the subjects (40 - 61 years) corresponds 
well the requirement of the study focus on middle-aged men. However, any 
generalisation has to be done with caution and can be applied only to men of the same 
age and profession. 
   In the present studies selected subpopulations were examined. To become qualified 
for police training (I, II) certain inclusion criteria have to be fulfilled concerning mental 
and physical health. Those with a low level of health are excluded from the Police 
Academy. 
   The same principle fits those qualified for occupationally oriented medical 
rehabilitation (III, IV). They had no severe handicaps or chronic illnesses that could risk 
their future active working life. They had slight signs of physical and/or mental strain 
and compared with reference population of Finnish men aged 45 to 54 years the 
subjects in study III felt more pains. 
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   The sample of police officers (I, II) included all policemen admitted into the Police 
Academy in 1981. Thus, the results can be regarded as representative of police officers 
studying in the Police Academy in the early 1980s¶. In 1996, six of 100 police officers 
still alive did not participate in the study, where as 94 answered the questionnaire, 89 
participated in at least in the anthropometric measurements and 82 participated in at 
least one of the physical fitness tests. All the police officers did not do all the tests, 
because of different diseases and medications (for example ischemic heart disease or 
arthrosis of knee). Sepulveda et al. (1994) reported that the proportion of obese and 
physically less active subjects was higher among those who dropped out of the study 
than among those tested (93 807 IBM employees participating in the company¶s 
voluntary health assessment program). Thus, the present results may somewhat 
overestimate the level of physical activity and physical fitness in 1996. In terms of the 
profession, gender, age, race, education, income, employment and socioeconomic 
factors, the studied police officers formed a homogenous group. Also the physical 
activity level of the police officers can be considered rather high and homogenous, 
because 62% of the officers were physically active in their leisure time at least twice a 
week. 
   Studies on predictors of physical activity in the profession, gender, age, race, 
education, income, employment and socioeconomic specific groups have not been 
carried out. Thus, some present aspects affecting physical activity may not have been 
found earlier in large epidemiological studies including male and female subjects from 
different ages, professions and socioeconomic classes. 
   In the study III most of the studied men worked in physically demanding jobs like 
industrial work and construction work and they attended occupationally oriented 
medical rehabilitation. They perceived their work ability according to the WAI as 
moderate or good. Only 3% of the studied men had a poor WAI. Thus, the results of 
study III can be considered representing fairly well middle-aged Finnish men working 
in physically demanding jobs and attending this kind of rehabilitation. 
   In the study IV, the subjects were all middle-aged (45-55 years) men with overweight 
(BMI 26.0-30.6 kg/m2). They also participated in occupationally oriented medical 
rehabilitation and they worked mostly in physically demanding jobs like construction or 
heavy industrial work. The studied men were mostly physically inactive during their 
leisure-time, because only 5% of them were physically active four times a week or 
more. Thus, the studied men in the study IV may well represent overweight middle-
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aged Finnish men working in physically demanding jobs attending occupationally 
oriented medical rehabilitation.  
 
7.1.2 Methods 
 
Questionnaires 
   Both the WAI and RAND-36 item health survey are the most widely used instruments 
in the world for assessing the perceived work ability and the HRQoL. Still, no other 
studies were found in the literature on the relationships between the WAI and RAND-
36. 
   The studies I-IV included a physical activity questionnaire. In the study I and II with 
police officers only leisure-time physical exercise aimed at improving physical fitness 
or health condition during the past 12 months was inquired in the questionnaire. Also, 
the physical activity questionnaire in the studies III and IV focused only on the 
frequency of physical activity, but was slightly more precise. The questionnaire in 
studies III and IV included questions on leisure-time physical activity in the summer 
and winter as well as on physical activity related to daily living (e.g. gardening, picking 
berries etc.) and commuting to work. Thus, the answers in the study III and IV may 
have been more precise regarding to the total amount of physical activity than in studies 
I and II. This may also be the reason why only in study I there was no significant 
correlation between physical activity and aerobic fitness (assessed by the submaximal 
cycle-ergometer test). 
   In the study I and II, there may have been some bias when trying to recall physical 
activity during past 12 months, but it can be assumed that the bias may have been 
constant in 1981 and 1996. The self-reported physical activity questionnaires used in 
studies I-IV were not validated questionnaires and were probably not the best methods 
for estimating actual physical activity. 
   A major weakness of the study IV was that the WAI questionnaire was asked only 
from a subgroup of 52 men. However, the subgroup analysis did not show differences in 
the RAND-36, age, physical activity or physical fitness in this subgroup compared those 
who were not asked to answer the WAI questionnaire. 
 
 57  
 
Assessment of aerobic fitness 
   In the studies I-IV aerobic fitness was estimated by the submaximal incremental 
cycle-ergometer test which is a reliable method for assessing VO2max (Hartung et al. 
1993, Greiwe et al. 1995, Hartung et al. 1995). Study IV seems to be the only one in the 
literature where VO2max has been measured and estimated with the same subjects by 
the maximal cycle-ergometer tests as well as the UKK Walk Test, and where the 
relationship was investigated between the UKK Walk Test, WAI and RAND-36.  
   A mechanically braked cycle-ergometer was used in the study I and II because there 
were no electronically braked cycle-ergometers available in 1981. The tests in 1996 
were carried out with similar equipment as in 1981 to ensure the valid comparison of 
the level of fitness. 
 
7.2 Physical activity and fitness (I, II, III, IV) 
 
   Physical activity and fitness of the studied police officers in 1996 correlated strongly 
with physical activity in 1981 (I, II). The level of physical activity in early adulthood 
seemed to be a powerful predictor for the level of physical activity as well as fitness of 
middle-aged police officers. In fact, physical activity in 1981 predicted physical fitness 
in 1996 better than physical activity in 1996 in police officers. The aerobic fitness of the 
police officers declined by 4.4 ml/min/kg (10%) during the follow-up period of 15 
years.  
   Among our studied working men, the police officers (I, II) were clearly the most 
physically active during their leisure-time. About two thirds of them (62%) exercised at 
least twice a week, while the corresponding proportions among blue collar workers in 
study III and IV were 37% and 41%, respectively. The police officers were also 
physically more fit than the other middle-aged men studied. About every second (55%) 
of the police officers, 38% of the men in study III and 21% of men in study IV were in 
the highest aerobic fitness category according to Laukkanen et al. (2002). Smolander et 
al. (1984) suggested that the selection of heavier and taller men for police training 
would guarantee a satisfactory absolute level of physical work capacity.  
   In study II there was a significant correlation between enjoyment factor and both 
physical activity and fitness. Physical activity levels in 1981 correlated strongly with 
physical activity in 1996. The question seems to be: can sedentary and low fit persons 
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[who may be persons with a low percentage of slow-twitch muscle fibres (Tikkanen et 
al. 1998)] have as much enjoyment from physical activity as highly fit persons? It can 
be speculated that the lack of enjoyment in low fit persons may be one of the leading 
reasons for a high number of relapses in all interventions aimed to increase physical 
activity among sedentary people (Dishman et al. 1998, Dorn et al. 2001, Pinto et al. 
2002, Cox et al. 2003, Tudor-Locke et al. 2004). A person will not exercise regularly if 
he does not feel enjoyment when exercising. This may also lead to weight gain more 
easily. 
   Tikkanen et al. (1998) found that the percentage of slow-twitch muscle fibres had a 
high positive correlation with physical activity and fitness in healthy men, while low-fit 
sedentary men had the same level of slow-twitch muscle fibres than men with 
cardiovascular disease. Bouchard and Rankinen (2001) also concluded that the 
phenotype has a considerable impact on the responsiveness to regular physical activity. 
It seems evident that policemen admitted into the Police Academy in 1981 had such 
properties that they would be physically more active than the average Finnish men. 
 
7.3 Perceived work ability, HRQoL and age (III, IV) 
 
   The association between the WAI and RAND-36 was strong among the blue collar 
working men (study III and IV). This raises a question: Do the WAI and RAND-36 
measure the same issue? Some of the dimensions of the RAND-36 and WAI showed 
high correlations with each other [like µphysical role functioning¶ in the RAND-36 and 
µestimated work impairment due to disease¶ in the WAI (r = 0.55, p < 0.000) or µsocial 
functioning¶ in the RAND-36, and µmental resources¶ in the WAI (r = 0.46, p < 0.01)]. 
The similarity of the different dimensions may explain the strong correlation of the 
WAI to the different dimensions of the RAND-36. However, six of the items of the 
WAI had no significant correlation to the mental health dimensions of the RAND-36. 
These results tend to show that the WAI may be a more relevant measure of work 
ability in physically demanding jobs than in mentally demanding jobs. However, this 
statement should be investigated more also in mentally demanding jobs. It might be 
,however, that in mentally demanding jobs there is a more significant association 
between different items of the WAI and mental dimensions of the RAND-36. 
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   It has to be emphasized that the WAI is a validated standardized method with a sum 
scale tailored to assess perceived individual work ability related to job demands, health 
status (based on a number of sicknesses diagnosed by a physician and sick-leaves), 
mental resources and well-being related to the work (Ilmarinen and Tuomi 2004), 
whereas the RAND-36 is a validated standardized method of assessing various 
dimensions of the quality of life in general (Aalto et al. 1999, Hays and Morales 2001). 
Thus the WAI is more work-oriented whereas the RAND-36 covers the entire life. The 
intervention study of Männikkö et al. (2003) showed also that an occupationally 
oriented medical rehabilitation may increase HRQoL measured by the RAND-36, but 
had no effect on perceived work ability (measured by the WAI). Thus, the RAND-36 
and WAI are only partly measuring the same factors related to work ability and quality 
of life. It is tempting to suggest that promotion of work ability (e.g. by occupational 
health personnel, employers or rehabilitation settings) may also increase HRQoL, but 
this possibility has to be evaluated in further studies. 
   Emotional well-being and energy were at higher level among older than younger blue 
collar workers in our cross-sectional study (III). It is reasonable to think that these 
characteristics of functional capacity (related to perceived work ability) may increase 
with age. This reasoning should be considered in programmes designed to promote 
health and work ability at work sites by offering aging workers jobs demanding more 
mental than physical skills. However, our age-related finding should be confirmed with 
follow-up studies because the cohort effect may cause bias for the present results 
(Hoeymans et al. 1997). 
 
 
7.4 Perceived work ability, physical activity and fitness (I, III, IV) 
 
   The WAI had no significant correlation with leisure-time physical activity in the 
present subject groups (I, III, IV). Only the frequency of physical activity was asked, 
which may weaken the associations. Abdominal muscle fitness measured both in 1981 
and 1996 had a significant positive correlation with the WAI measured in 1996 among 
police officers (I). A significant association was found between perceived work ability, 
2-km walking ability (measured with the UKK Walk Test) and upper limb muscular 
performance (IV). Left upper limb performance also predicted the result of the WAI 
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(multiple linear regression analysis). Earlier findings on the association of physical 
fitness and work ability have been contradictory. In the physical activity intervention 
study of Smolander et al. (2000) the WAI, physical fitness and physical activity was 
assessed in 23 women and 57 men (mean age 46.9; range 35 to 61 years). Most of them 
were working full-time in white-collar occupations. The average WAI was already 
excellent at baseline (44 points) and did not improve during 24 months¶ study even if 
the physical fitness (measured as peak oxygen uptake in the incremental treadmill test) 
improved. One explanation for that finding might have been the ceiling effect, i.e. it 
may be more difficult to improve excellent than poor or moderate work ability. On the 
other hand, it is tempting to make a proposition that the improved physical fitness 
maintained the level of WAI during the 2-year study. However, the lack of an inactive 
control group (Smolander et al., 2000) makes such conclusions speculative.  
   In the 5-year follow-up study of home care workers (n = 89, mean age in the baseline 
41.0 years, range 21 - 59 years) by Pohjonen (2001a) the associations between VO2max 
(measured directly with the maximal cycle-ergometer test) and WAI were also 
somewhat contradictory. The VO2max was categorized as good, average or poor. The 
average absolute baseline VO2max (l/min) indicated a high risk (OR 3.1) for reduction 
in work ability compared with a good level of VO2max, but poor VO2max did not 
(Pohjonen, 2001a). In another study (Bugajska et al., 2005) VO2max had a significant 
correlation with the WAI in women in mental work and in men in heavy physical work 
(VO2max was estimated by a submaximal cycle-ergometer test and work ability by the 
WAI), but no correlation was found between VO2max and WAI in women in heavy 
physical work or in men in mental work. Nygård et al. (1991) found no significant 
relationship between estimated VO2max and WAI in a sample of 72 men and 65 women 
(mean age 55 years) representing municipal occupations with physical, mental and 
mixed physical and mental demands. In a subgroup of men and women (n = 56) without 
musculoskeletal disease, they found a significant correlation with VO2max and WAI. 
They also found that muscular strength correlated with the WAI. They concluded that 
cycle-ergometer test may not measure cardio-respiratory capacity if a person has a 
musculoskeletal disease and that work ability can be assessed from measurements of 
muscular strength as reliably as from measurements of VO2max. 
   The Finnish National Public Health Institute completed a nationwide study concerning 
the health status of Finnish residents (Health 2000). The study included questionnaires 
on self-reported functional and working ability and their limitations. When comparing 
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men (aged 30 to 64 years, n = 2 438 of whom 1841 were employed during the last 12 
months) with and without self-reported difficulties of walking two kilometres those with 
difficulties had the highest odds ratio (34.5) to self-reported work inability (Gould et al. 
2006). Our finding agrees with the self-reported results of this population study: among 
our blue-collar workers the UKK Walk Test was associated with perceived work ability. 
Kaleta et al. (2004) also found a significant correlation (r = 0.4) between the WAI and 
VO2max (estimated from the heart rate response to submaximal treadmill walking in 
103 men and 95 women, mainly white-collar employees).  
   It can be concluded that a certain level of cardiovascular fitness is needed in most of 
the jobs. However, the association between fitness and WAI seems to be harder to find 
if we study it only by measuring or estimating the VO2max by cycle-ergoneter. Our 
findings indicate that the UKK Walking Test is a more relevant method of assessing 
perceived work ability than a cycle-ergometer test. Walking is a necessary activity 
needed in daily life, but this is not true with cycling. Furthermore walking is the most 
popular leisure-time physical activity among adults in both the European union and 
United States (Vaz de Almeida et al. 1999, Simpson et al. 2003). In addition, in a cycle 
test one doesn¶t need to carry his or her own body weight, whereas physically 
demanding jobs often require walking, carrying, and stair climbing, especially outdoors 
in different environmental conditions. 
   It can also be concluded that the association between perceived work ability and 
cardiorespiratory fitness is stronger when the aerobic fitness is low, i.e. the aerobic 
fitness becomes a limiting factor. In women with physically demanding jobs aerobic 
fitness may become a limiting factor more easily than in less demanding jobs (Pohjonen 
et al. 2001a). In the future, this may be the case also for men, because the trends in 
men¶s physical fitness are alarming. For example, in Finnish conscripts from 1979 to 
2004 (n = 387088)  the average result of a 12-min running test has decreased from 2760 
m to 2434 m (Santtila et al. 2006). 
   Earlier studies on the WAI and muscular fitness have also given varying results in 
different populations. In a five-year follow-up study (Pohjonen 2001a) with female 
home care workers the results of sit-up, weight-lifting, squatting and knee extension 
predicted the WAI. In our follow-up study (I) only the results of the sit-up test in 1981 
predicted the WAI in 1996. It might be that because men have a higher level of 
muscular strength than women, the decline in muscular fitness more often hampers the 
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work ability of women. Earlier studies on older people (not working) on hand-grip force 
have predicted even mortality (Rantanen et al. 1999, Sasaki et al. 2007). However, in 
our cross-sectional study (IV) there was no correlation between hand-grip force and 
WAI, but muscular endurance of upper limbs had a correlation to the WAI. 
Interestingly, the muscular endurance of the left upper limb had stronger predictive 
power on the WAI than that of right. With caution, it can be suggested that the 
endurance of the non-dominant limb may be of importance when it concerns work 
ability in physically demanding jobs. The weaker upper limb might be a limiting factor. 
   Increased leisure-time physical activity and fitness may increase work ability and 
individual capacities to cope with the demands of everyday life. The pathways may be 
very complicated to study and analyze due to many factors influencing these complex 
concepts. The mediating factors between leisure-time physical activity and work ability 
may be physiological, psychological or social. It can be speculated that some 
individuals with deficits in their functional capacity (mental of physical) may benefit 
markedly from increased physical activity, but our study with mostly healthy middle-
aged men could not find beneficial associations of this kind with physical activity and 
perceived work ability or HRQoL. During the past few years one physiological pathway 
raising growing interest among scientists has been the effect of physical activity on the 
parasympathetic nervous system. Increased physical activity and fitness seems to 
improve the function of the parasympathetic nervous system (Hautala et al. 2004). It can 
be speculated that improved parasympathetic tone improves the recovery from both 
physically and mentally strenuous jobs and thus improves also work ability.  
   As nearly all of the men of the present study (IV) worked in physically demanding 
jobs like construction and manufacturing work, it was reasonable to expect that the 
directly measured VO2max would correlate with the WAI. In some jobs with very 
heavy physical demands, such as the smoke-diving in fire-fighting, the work ability is 
highly related to the level of VO2max (Holmer and Gavhed 2007). In physically less 
demanding jobs, organizational and technical work design factors (psycho-social, 
ergonomics) may be more important for work ability than physical activity and fitness 
(Tuomi et al. 1991, Tuomi et al. 1997a, Van de Berg et al. 2008).  
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7.5 HRQoL, physical activity and fitness (III, IV) 
 
No significant correlations between leisure-time physical activity and HRQoL were 
found in either of the two cross-sectional studies (III, IV). Earlier studies (Rejeski and 
Mihalko 2001) have found a correlation with physical activity and HRQoL, but these 
studies have mostly concerned elderly people or people with severe disabling diseases. 
Studies on the associations between physical fitness, physical activity and HRQoL in 
relatively healthy working age people are rare. As stated in Section 7.4, our population 
of middle-aged men (III, IV) may have been too healthy to show any association 
between physical activity and HRQoL. 
   In the study III, the association between cardio-respiratory fitness measured with the 
submaximal cycle-ergometer test and RAND-36 was modest. Instead, the results of the 
UKK Walk Test in the study IV were strongly correlated with the physical domains of 
the RAND-36. The result of the squatting test correlated significantly with the physical 
functioning item of the RAND-36, which supports the idea that functional capacity of 
the lower legs is highly important to well-being. According to the study IV, the UKK 
Walk Test may be a more relevant method assessing perceived work ability, functional 
capacity and HRQoL than directly measured or indirectly estimated VO2max by cycle-
ergometer in slightly overweight men. Also the results of the dynamic upper limb lifting 
test were strongly associated with the P-RAND-36. We found one earlier intervention 
study on the associations of physical fitness and HRQoL in a relatively healthy 
population of working women (Brox and Frøystein, 2005). In that study there was no 
association between improved physical performance (measured by the UKK Walk Test) 
and HRQoL (measured by COOP/WONCA charts). Differences in gender, study 
designs and methods of measuring HRQoL may partly explain different results 
compared with the present study. Wide differences exist between HRQoL instruments 
in breadth and coverage (Cieza and Stucki, 2005). RAND-36 contains nine items 
directly related to physical performance or functioning (e.g. running, sports, lifting and 
carrying, climbing stairs, walking short and long distances), whereas most of the other 
instruments have less precise questions on mobility functioning. Thus, our findings may 
reflect the properties of the RAND-36 questionnaire, which may be more valid measure 
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in our middle-aged men working in physically demanding jobs than other self-report 
instruments. 
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8. MAIN FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 
 
On the basis of the present study the following conclusions and recommendations were 
proposed: 
 
1. Perceived work ability (WAI) and HRQoL (RAND-36) were significantly and 
positively associated with each other in middle-aged men attending occupationally 
oriented medical rehabilitation. Perceived energy and emotional well-being seemed 
to be the higher the older the men were (III, IV). 
 
2. Leisure-time physical activity frequency and physical (aerobic and muscular) fitness 
may not always relate to perceived work ability in middle-aged men even in 
physically demanding jobs. Among the aerobic fitness tests the UKK Walk Test had 
the strongest association with perceived work ability. Abdominal and upper limb 
muscular fitness was also associated with perceived work ability. The specificity of 
exercise may be a key element in testing work related abilities. Therefore, for 
example, the walking test might be more useful for fitness assessment among people 
who have to walk in their work (I, III, IV) than cycle-ergometer. 
 
3. The results of the UKK Walk Test predicted physical domains of the RAND-36, and 
muscular endurance of upper and lower extremities had significant correlation to 
physical domains of the RAND-36. Physical functioning such as walking and 
muscular endurance may be important factors for HRQoL and improvement of these 
factors is thus recommended to improve HRQoL (IV). 
 
4. Higher level of physical activity and fitness in early adulthood in police officers 
may predict higher physical activity and fitness level later in middle-age. Therefore, 
physically active lifestyle should be adopted in early adulthood at the latest (I, II). 
 
5. Enjoyment during and/or after the exercise session may be a key factor for adopting 
regular physical activity among middle-aged police officers. Also, good fitness level 
may be associated with enjoyment. Therefore enjoyment should be emphasized in 
health promotion by physical activities (II). 
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Appendix 1. Questionnaire reflecting predisposing, enabling and reinforcing factors for 
physical activity based on PRECEDE-PROCEED ±model (Green et al. 1980, 1999). A 
translation from original Finnish version. 
 
1. Which factors are important to you in encouraging to leisure-time physical 
activity? 
(Rate every statement as (i) very important, (ii) somewhat important or (iii) not 
important regarding to physical activity.) 
A) Predisposing factors 
1. Advice from the health care personnel. 
2. Sickness that seems to be related with unhealthy life-style in fellowman. 
3. News in magazines or newspapers and programs in radio or television of the 
beneficial effects of physical activity. 
4. Own knowledge of the beneficial effects of physical activity. 
5. Positive attitudes towards competitive sports. 
6. Own physical fitness poor. 
7. Own illness. 
 
B) Enabling factors 
1. Good skill level in some form of physical activity. 
2. Possibility to enjoyable form of physical activity. 
3. Enough leisure-time. 
4. Possibility to physical activity during working hours. 
 
C) Reinforcing factors 
1. Encouragement from wife or children 
2. Encouragement from other policemen. 
3. Common hobby with wife. 
4. Encouragement from supervisor. 
5. Notice own improved fitness. 
6. Feel better after physical activity. 
7. Feel less tired after physical activity. 
8. Look better when exercising regularly. 
9. Feel satisfied after physical activity. 
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10. Consider physical activity fun. 
 
2. Which factors are important to you in hindering your leisure-time physical 
activity? 
(Rate every statement as (i) very important, (ii) somewhat important or (iii) not 
important regarding to physical activity.) 
A) Predisposing factors 
1. Negative attitudes towards competitive sports. 
2. Own physical fitness poor. 
3. Own physical fitness already sufficient. 
4. Insufficient knowledge of the health effects of physical activity. 
5. Insufficient knowledge about different forms of physical activity. 
6. I felt physical activity unpleasant already at school 
7. Middle-aged man in physical activity looks fool. 
 
B) Enabling factors 
1. No possibility for physical activity during work hours. 
2. Insufficient time for physical activity. 
3. Small children or sick relatives take all the leisure-time. 
4. No possibility for suitable physical activity.  
5. Lack of skill for any form of interesting physical activity. 
6. Own illness hindrance to physical activity.  
7. Bad weather a hindrance to physical activity. 
8. No companion for physical activity. 
 
C) Reinforcing factors 
1. Wife¶s or children¶s negative attitudes towards physical activity. 
2. Other policemen¶s negative attitudes towards physical activity. 
3. Supervisors¶ negative attitude towards physical activity. 
4. No possibility for follow-up fitness tests. 
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